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TESTIMONY OF HARRY E. P. KRUG CONCERNING
THE IMPACT OF COOLING TOWER PLUMES ON

INDUCTION (CARBURETOR) ICING 0F AIRCRAFT

Q1. Would you stated your name and position, please.

A1. My name is Harry E. P. Krug. I am a reactor inspector, assigned to

the Nuclear Regulaiory Commission's Region II in Atlanta, Georgia.

| I hold ratings as an instrument pilot, single engine land and sea,
4

multi-engine. '

I Q2. Have you prepared a statement of your professional qualifications?

A2. Yes. A statement of my professional qualifications is attached to

this testimony.

,

'

Q3. What is the purpose of your testimony?
|

A3. The purpose of my testimony is to respond to Contention V-4, which

states:

Neither Applicant nor Staff has considered the potential
; for and impact of carburetor icing of aircraft flying into
I the airspace that may be affected by eoissions from the
| Limerick cooling towers.
:
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'Q4. Is it your opinion that formation / accumulation of carburetor ice
.-

will present a hazard to aircraft flying into the airspace affected

by emissions from the Limerick cooling towers?

A4. Aircraft flying into the visible plume emitted by the Limerick

cooling towers will not be impacted to a greater degree than are

aircraft flying through clouds of natural formation, because the

visible plume is in every way comparable to a cloud of natural

formation insofar as the operation of aircraft is concerned. Also,

carburetor ice can form in clear air. Again, conditions in the

invisible plume are not different from conditions which may occur

naturally. Therefore any hazard posed by cooling tower emissiores,

whether visible or invisible, is not different from threats which

occur naturally.
.

To the extent that AWPP's Contention V-4 is asserting that emissions

from the cooling towers will have a cumulative or incremental

impact, I cannot speak to that possibility. However, even if

we accept, hypothetically, the occurrence of an incremental

impact, it would be without significance for pilots, as they are

routinely trained to prevent carburetor ice formation.

QS. How do pilots prevent carburetor icing?
,,

AS. Aircraft engines are designed against the occurrence of carburetor

icing. Student, private and commercial pilots are trained and

tested in procedures for preventing carburetor ice. These

procedures vary with the aircraft engine design. However, operating

. . .
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'
- manuals for each aircraft engine design set forth the procedures for

.

prevention of carburetor ice applicable to that engine. These

procedures are routine pre-flight and on the descent for landing.

Implementation of these procedures should assure that ice will not

form in the carburetor on takeoff and descent.

Formation of carburetor ice when the aircraft is cruising cnd the

weather is clear can be more insidious. This phenomenon is

discussed in an article which appeared in the FAA Aviation News

entitled Look Out for Carburetor Ice (Attachment A). A study

reported in Light Aircraft Piston Engine Carburetor Ice Detector /

Warning Device Sensitivity / Effectiveness by persons working at the

FAA's Technical Center at the Atlantic City Airport in New Jersey

(Attachment B) found that of 329 accidents / incidents which occurred
'

from 1976-1980 and which may have been related to carburetcr icing,

159 occurred while the involved aircraft were cruising. In addition,

the determination was made that in 259 of the 329 accidents / incidents

studied, weather was not a factor. These data would tend to suggest

that carburetor icing accidents / incidents are less likely to occur on

ascent / descent than while cruising and that weather is not normally a

factor is such accidents /indidents. A National Transportation

Safety Board special study, entitled Carburetor Ice in General

Aviation (Attachment C) concluded that carburetor icing accidents

can be attributed to the pilot in virtually all cases.

Incidentally, one of the items mentioned under " Prevention

Procedures" is " Avoid clouds as much as possible."

_ . -. ._



PROFESSIONAL OUALIFICATIONS OF HARRY E. P. KRUG

I. SUMMARY
-

'

! I joined the NRC in 1974 as Project Manager responsible for the
1 ;
3

management, organization, technical coordination and presentation of

nuclear reactor safety reviews for assigned applications. I have served

as Project Manager for the safety reviews of the San Joaquin Nuclear
,

Project, Browns Ferry Unit 3 Hatch Unit 2. Hartsville Nuclear Power

Station and the GESSAR 238 Project and a number of technical review

assignments.

My background includes a B.S. in Mechnical Engineering (1955) and a

N. S. in Nuclear Engineering (1961). My 24 years of experience includes

4 years of power plant operation and 3 years of radiation analysis. In

1969 I left Westinghouse Electric Corporation as a Fellow Engineer after

8 years of nuclear reactor analysis and reactor design methods

development and technical project coordination. In 1974, I completed two
,

years as Supervisor of Nuclear Engineering for Illinois Power Co.

I am a member of the American Nuclear Society and the American Society

of Naval Engineers. I hold ratings as an instrument rated comerical

pilot, single engine land and sea, multi-engine. I hold a U.S. Coast
Guard License as a Merchant Marine Engineering Officer and am a

Professional Nuclear Engineer registered int he state of California.
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II. EXPERIENCE| .

August 1, 1982-present: Reactor Inspector Test Programs Section,'

Office of Inspection and Enforcement, Region II. '

.

January 1982-August 1982: Nuclear Engineer, Systems Analysis
Section, Accident Evaluation Branch, Division of Systems Integration.
Office of Nuclear Reactor Regulation.

November 1978-January 1982: Envircnmental Radiation Analyst.

Details to:

November 1980-April 1981: NRC Incident Response Center, Duty
Officer.

June 1979-October 1979: Task Force for Lessons Learned as a Result
of the Accident at TMI-2.

January 1973-December 1974: Supervisor, Nuclear Engineering
Group, Illinois Power Company, Deacatur, Illinois.

August 1971 to January 1973: Industry Manager, Atomic / Nuclear
Industries, Control Data Corporation, Minneapolis, Minnesota.

December 1970-August 1971: Principal Nucleer Engineer, Jersey
Nuclear Company, Product Design Group.

.

November 1969-December 1970: Vice President and General Manager,
Nuclear Computations, Inc., Pittsburgh, Pennsylvania.

April 1963-November 1969: Fellow Engineer Physics and Mathematics
Group. Westinghouse Commerical Atomic Power Department (transferred by
Westinghouse from the Westinghouse Astro-Nuclear Laboratory).

December 1961-April 1963: Nuclear Engineer, Reactor Analysis
Section, Westinghouse Astro-Nuclear Laboratory.

July 1960-December 1961: Nuclear Engineer, Systems Evaluation
Section, United Nuclear Corporation.

October 1958-July 1960: Nuclear Engineer, Special Projects Group,
George G. Sharp, Inc., Marine Designers.

April 1956-August 1958: Head, Engineering Department of Destroyer-
Escort USS Wantuck (APD-125) including duties as Radiological Safety
Officer and Damage Control Officer. Decomissioning Engineering Officer,
and COMPHIBPAC Machinery Officer (Diesel).

.

September 1955-April 1956: Officer-in-Charge, 8-12 Watch (Jr. 3rd
Engineer), United Fruit Company, SS Fra Berlanga,12,000 Shaft horse
power twin screw cargo vessel.
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III. PUBLICATIONS
" Matrix Exponential Calculations and Comparison with Measurement of,

Isotopic Concentrations in Yankee Core I," by H.E. Krug, R.J. Nodvik,
J. Corbett, and N. Azziz. Transactions of the 1969 Annual Meeting of the.

American Nuclear Socity, Vol.12, No.1,1969.
,,

" Simple Closed Fonn Expressions for the Psi and J Doppler Functions," by
H.E. Krug and J.E. Olhoeft. Transactions of the 1966 Annual Meeting of
the American Nuclear Society, Vol. 9. No.1,1966.

" Derivation of a Point Kernel for Neutron Attenuation," by H.E. Krug and
J.E. Olhoeft. Transactions of the 1906 Winter Meeting of the American
Nucler Society, Vol. 9 No. 2,1966.

Comparison of Monte Carlo and Resonance Integral Methods in the
Determination of Doppler Effects in Fast Reactors," by J.E. 01hoeft,
H.E. Krug, and R.N. Hwang, Proceedings of the Conference on Safety,
Fuels, and Core Design in large Fast Power Reactors, ANL-7120,1965.

"Results of Comparisons of Thermal Calculational Models for Heterogeneous
Light-Water-Moderated Pu0 -U0, Reactor Systems," by H.A. Risti and7H.E. Krug. Transactions Of the 1965 Annual Meeting of the American
Nuclear Seciety, Vol. 8, No.1,1965.

" Consideration of the One-Speed, One-Node Time Dependent Diffusion
Equations Including Consistent Representation of Delayed Neutron
Effectiveness; with Application to the Calculation of the Prompt Neutron
Generation Time Using the 1/ Poison Method," WCAP-2796, May 1965.

,

" Liquid Metal Fast Breeder Reactor Design Study," by H.E.Krug,
Contributor, WCAP-3251-1, 1964.

" Summary of the Characteristics of the KIWI-BLA Rocket Reactor," by H.E.
Krug, WANL Report, 1962.

"Feasilibity Study of a Cryogenic Nuclear Reactor, by G. Sofer,
H.E. Krug, and P. Anthony, NDA-2661-1,1961.

I " Construction and Calibration of a Neutron Howitzer," by H.E. Krug,
Master's Thesis, New York University, September 1961.

| " Cryogenic Reactor for Teaching and Research for Joint Use by New York
| University and Manhattan College," Heat Transfer Section, by H.E. Krug,
'

June 1960.

|- IV. OTHER CONTRIBUTIONS
| " Activation Source Strength Program, ACT-1, for the IBM-7090 Computer,"

by P.C. Heiser and L.O. Ricks, WANL-TNR-063 , September 1962,|

| acknowledgement p. 12.

| " LASER-A Depletion Program for Lattice Calculations Based on MUFT and
THERMOS," by C.G. Poncelet, WCAP-6073, April 166, acknowledgement p. 46.

|

.

% _. . . .. . ..



....s v , z.v -

5 ~eh , , 3 1 / 4f

On a mild summer day, gyy 4
: when the.RPMs

I start to drop off . . .
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There is nothing subtle about aircraft
in such weather, a decrease in manifold vaporized in the carburetor, thereby with.

surface icing. It happens in nippy weather pressure (when the plan: is equipped with a drawing heat from the air which is being
when freezing can be expected, and the ice constant speed propeller) or a drop in rpm drawn in to be mised with the fuel beforensutlly builds up in full view.

are the usual warning signs. If the engine combustion. Fuel vaporization may cause
Less obsious, and perhaps more danger- starts to run rough, cutting out and back- a drop of as much as 60 degrees in the air

ous, is the kind of refrigeration that takes firing, carburetor icing may have reached temperature. This means that even if the
place out of sight, in the carburetor of your
engine, when you least expect it. It is on the an estremely dangerous point. Apply full ambient air temperature is as high as 85

carburetor heat and seek a landing place. degrees, the air temperature in the carbure-warm, humid days of summer that the Ice-
If not checked in time, icing can choke for may be reduced to well below the freez-

man cometh to aircraft engines, stealing off the air supply and stop the engine. ing point, and that if the air contains ap-. away power and, if undetected, closing the
To understand this warm weather icing preciable moisture it will be precipitated asfight plan prematurely,

phenomenon, which may take place on a ice.
Strange as it may sound, summer, rather cloudless day, without a drop of rain or The ice bu:Idup will usually begin as a

than winter, is the dangerous period in hail in sight, it is only necessary to recall coating along the venturi throat of the car-
many climates for carburetor icing. In the principle upon which the modern re. buretor, and if unchecked will end by clos-
wintry weather, with the temperature 40 frigerator is based-the conversion of a ing off the throttle and immobilizing it. A
legrees Fahrenheit or lower at the surface, liquid to a gas invohes the absorption of stuck throttle is a bad sign that carbt.retor
he air will usually be too cold to contain heat from the environment. 'The coating of icing may have reached the '' terminal" stage.
nough moisture for carburetor ice to form. freezer compartment walls wIth ice is cleag The prevention of summer carburetor
)n very hot days. 85 degrees or hotter, evidence of what happens when moisture is icing is simple: the air entering the carbure-
here is too much heat for ice to appear in present in the air. In the refrigerator the for must be adequately heated. Whenever
he engine. The warm moist days of late and gas is usually contained in copper tubing, the engine is operating at 75 percent of
arly summer, when the temperature ranges with the heat being absorbed from the sur. full power or better, enough engine heat is
rom 45 to 85, are the days to watch out rounding air through the tubing. generated to prevent carburetor icing underor.

In the aircraft engine, the liquid fuel is
(Continued next page)
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CARBURETOR of fuel and may harm the engine. This is

f
-

*., %/ HEATER VALVE
because the density of preheated air is less

enousi than that of air entering directly from the
environment, resulting in an over rich fuel.'

" HOT "*' AIR INTAKE,

AIR' INTAKE {'A!R
" *ir-mixture, a I ss of power, and possibly

THERMOMETER
, ;j/ engme detonation.

Carburetor heat reduces power by aboutF ATan ''/

{. %g
.- CARBURETOR

one per cent for each 10 degrees IF.) rise ,

-

; / ;I in temperature. The manufacturers recom-L , ._

MIXTURE mendations on the use of carburetor heat
,

4}kb{-h- THERMOMETER vary according to engine design and should
- *

,

5
. " y*g"- be noted carefully, especially in the absence"

\] of carburetor her.t gages..-
\ Closing cowl flaps, incidentally, does notQ - s

prevent or cure carburetor icmg.
PISTON \ HOT SPOT

Nd
MAh! FOLD

/ kPRESSURE)
N Supercharging

# SUPER.

SEASONAL HOT Supercharging, on the other hand, is a
y $ POT CONTROL good preventatise and the supercharger,

DIFFUSER Q y when present, shculd be left "on" whenever
VAhES G$ summer icing conditions are suspected.

\ ff Since turbine engines have no carburetor
they are not troubled by this particular type/y of problem. However, the flow of jet fuel
to the engine may be interrupted if ice
forms at the fuel filters. His ice is formed.

Aircraft erigme air indAtion system. not from atmospheric moisture, but from
water which is always present in jet fuel.

Icing in c fuel system of jet engines is
usually contim.ed with heaters placed in the

most circumstances. Any lower power set. sarburetor mixture (outlet air). As engine system at some point before the fuel enters
ting. as in slow flight, descent or in various prehearing requirements vary according to the engine. The heat may be drawn from
practice maneuvers, engine heat may be in. type, every pilot must check his manufac- the oil system or the compressor section.
sufficient to ward off icing in th,e carburetor. rurer's instructions for use of carburetor Turbine engines are also vulnerable to
Carburetor heat must then be generated by heat. icing of the air inlet, vanes and compressor,
o pre-hetter, under manual control. Under normal conditions, when carbure- Frigid outside temperatures, in the presence

The usual preheater consists of an intake tot heat is applied there is a drop in mani- of rain, snow or supercooled moisture are
chamber through which an engine exhaust fold pressure, or rpm. If icing exists, mani- responsible for this type of icing.
pipe p:sses. When the pilot pulls back on fold pressure or rpm will gradually increase. Turboprops and propeller-driven aircraft
the carburetor heat knob, intake air is drawn if the ice in the carburetor has built up to are also susceptible to icing of the air inlet
in through this chamber (instead of directly the point where there is a serious loss of ducts by_ atmospheric moisture. The condi-
from the environment), and is thereby power, it is sometimes possible, in an emer- tion is controlled either by applying heat to
heated sufficiently to forestall icing. gency, to free the passageway by leaning the inlet ducts or by the use of alcoholic

Some aircraft engines also employ a " hot- out the mixture until the engine backfires mixtures on the exposed surfaces.
spot" type of heater, which involves an and dislodges some ice. Icing in the fuel system, as a cause of
exhaust pipe on the outlet side of the carbu- aircraft accidents, is hard to trace, since the
retor. The hotspot does not impart as much Diminishing Heat ice does not remain on hand for the investi-
helt to the air being mixed with fuel as the As soon as there is some response to the gators to find, no matter how promptly they
intake type, and is not normally used alone. preheating, it is advisable to restore full may appear on the scene. But there are
l'owever, since no manual control is or- power to the engine by diminishing the many instances where an engine has failed
dinarily employed-some preheating always carburetor heat gradually, while seeking a to provide adequate power for a take-off,
takes place with engines so equipped, the more favorable altitude. a missed approach climb-out, or for clearing
manufacturer's imtructions regarding the. The most dangerous time for carbure- a natural obstacie such as a canyon wall or
use cf manual carburetor heat may be less for icing to occur is on take-off (or on a mountain slope-when no satisfactory ex-
stringent than with other engines not climbing out from a missed approach). He planation has been found, and when the
equipped with a hotspot carburetor heater. use of carburetor heat while awaiting take- warm, moist balmy weather could have led

Gages for reporting the temperature in off clearance, and during the landing ap- to carburetor icing, and an unnecessary
the carburetor are found on some aircraft. proach, is a procedure followed by careful crash for an unsuspecting pilot.
Cctburetor heat control should be used to pilots who do not wish to risk a power it is a good idea to remember that your
maint:in the temperature between 85 and loss at a critical moment. aircraft engine, like your home refrigera-
95 degrees in the carburetor air, (intake On the other hand, con istent use of car- tor, may need defrosting mere often in the
air) cnd between 35 and 40 degrees in the buretor heat when unnecessary is wasteful summer than in the winter. m
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general aviation piston engine aircraf e was conducted. Presented herein are results,
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ice detectors / warning devices sensitivity and accuracy during actual carburetor
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INTRODUCTION.

PURPOSE. |

The Federal Aviation Administration (FAA) Technical Center's propulsion ef fort 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 reliability is highlighted as an area of concern,
f particularly induction system problems associated with carburetor icing, induction

system moisture ingestion, and carburetor antideicing. The detailed objective ofl

this plan is to establish test cell engine operation during carburstor 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 to 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" is used due to
dif ficulty 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

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 accident s/ incidents. The topic has been well researched and published,
providing icing probability curves (figure 1) for pilot education to preclude a
dangerous situation. Various individuals have directed their efforts toward
developing cockpit instrumentation capable of varning the pilot of actual ice
formation, or at least alerting them to the f act that carburetor conditions are
conducive to ice formation (depending on atmospheric properties). Other individ-*

uals have pursued carburetor modification which will limit engine power loss
during carburetor icing and prevent engine stoppage.

A review of various reports on carburetor icing reveal that pilots may be lured in-
to a f alse 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 carbure tor protection. When one reads the literature on
available instruments, they may be led to believe that the FAA Supplemental
Type Certification (STC) has certified the instrument as an accurate reliable
cure-all to icing problems.

1
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Engine manufacturers are required to design and construct intake passages to
minimize the danger of ice accretion, according to Federal Air Regulation (FAR)
33.35(b). Actual engine operation under carburetor icing conditions is not a
requirement imposed on manufacturer by FAR's. In addition, the engine manufac-
turers point out that carburetor icing is a problem which must be scrutinized on an
individual aircraft model installation basis. Therefore, engine manufacturers do
little, if any, engine test cell work relativa to carburetor icing problers. The
final link in the carburetor icing chain is the aircraf t manufacturer. As per FAR
23.929 and 23.1093, aircraft manufacturers are required to provide a means of
increasing carburetor air temperature by 90* F. Actual aircraf t/ engine operation
in carburetor icing condition is not imposed by the FAR's and the FAR's remain mute
on the topic of ice detection equipment requirements as related to satisfactory
engine operation. Some aircraf t/ engine manufacturers of fer STC approved carburetor
ice detection / warning equipment as optional instrumentation.

OBJECTIVE.

Based on the information obtained during the overall background review of carburetor
icing problems, a program test plan was developed.

2
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The objective of this program was:
.

1 Review FAA/NTSB computer files for carburetor icing accident / incident reports.
Characterize:

a. Type of aircraf t involved.
b. Location by state.
c. Time of year.

_

Type of pilot certificate held.d.

e. Total pilot experience.
f. Phase of flight.
g. Weather conditions.

2. Review commercial market and attempt to obtain a copy of each carburetor ice
detector / warning device utilized on general aviation piston engine aircraft.

3. Establish test cell engine operation under known icing conditions and observe
accuracy and sensitivity of off-the-shelf devices.

4. Determine internal carburetor locations where ice accumlation takes place.

5. Ascertain how ice formation propagates through the carburetor.

6. Determine. carburetor operation during ice manifestation.

7. Determine proper location of the carburetor ice detection device to give
desired information.

APPROACH. Through in-house FAA Technical Center test cell investigations, repeat-
able carburetor ice producing conditions were established during engine operation.
With strategically positioned borescopes, actual internal carburetor ice f ormation/
propagation was monitored / video recorded while engine performance parameters were
recorded during actual engine operation. Figure 2 depicts carburetor instrumenta-
tion utilized for testing while table 1 contains a listing of all test parameters
measured and recorded during test cell engine oparation.

HISTORICAL DATA

ACCIDENTS / INCIDENT ANALYSIS.

( The NTSB continues to indicate a number of accidents each year in which carburetor
i icing was reported or sus pe ct ed . The NTSB data, together with the Technical

Center't inde pendent search of FAA's national computer data base; i.e., Accident /
Incidents Data System (AIDS), were the basis for determining overall scope of the
carburetor icing problem. For the purpose of this report, the AIDS was used since
it contained NTSB and FAA data and was readily accessible. The AIDS data is com-
piled from aircraf t registry, NTSB records, National Flight Data Center, Flight
Standards National Field Office Safety Information tables, and reports submitted
by field inspectors. Examples of information that may be obtained are: location,
date, aircraf t ratings, cause f actors, contributing f actors, number of fetalities,

~ flying condition, etc. This data bank is accessible through United Computer Sys-
tems in Kans as City, Missouri, with current data available f rom 1976 to present.

3
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TABLE 1. TEST PARAMETERS,

Dew Point 'C 011 Temperature *C

, Ice Indication V DC Carburetor Adapter Temperature *C

Cowling Pressure In. - H O Cowling Air Temperature *C2

' Plenum Pressure In. - H O Water Temperature *C2

Supply Air Pressure PSIG Test Cell Temperature *C

Manifold Pressure In.- Hg Air Condition Outlet Air *C

011 Pressure PSIG Temperature

Fuel Pressure PSIG Plenum Air Temperature *C

Idle Jet Pressure in.- Hg Supply Air Temperature *C

Torque Ft-Lbs Upper Throttle Plate Metal 'C

Engine Speed RPM Temperature

Lower Throttle Plate Metal *C

Temperature

Cylinder Head Temperature #1 *C Float Bowl Fuel Temperature *C.

Cylinder Head Temperature #2 *C Carburetor Metal Temperature #1 *C

Cylinder Head Temperature #3 *C Carburetor Metal Temperatu'.. #2 *C
s

Cylinder Head Temperature #4 *C Carburetor Metal Temperature #3 *C

Exhaust Gas Temperature #1 *C Carburetor Enclosure Air 'C

Exhaust Gas Temperqture #2 *C Temperature

Exhaust Gas Temperature #3 *C Fuel Filter Temperature *C

Exhaust Gas Temperature #4 *C Tirottle Plate Position % Travel

5
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Analysis of the AIDS data indicates a substantial number of accidents / incidents
are continuing to be encountered where carburetor ice was cited as a cause f actor. '

Pilots with 150 flight hours or less are those most likely to be involved in
carburetor icing reports. However, this does not preclude the veteran / advanced
rated pilot from falling vic::im to the precarious culprit. A plot of carburetor

icing reports, figure 3, suggests an upward trend in occurrences; however, addi-
tional data points are required to establish assignable cause.

.
-

95 - .

EEld',T?E.ETdl$"i

90 -

85 -

$ 80 -

M
w
8 75 -

8
m
C 70

E 65

60

'

55 -

50

1976 1977 1978 1979 1980 1981

YEAR 82-44-3

FIGURE 3. CARBURETOR ICING OCCURENCES BY YEAR

RELATED FACTORS.

The following related f actore are presented relative to carburetor icing data bank
re ports . It is emphasized tb.t no attempt has been made in this report to statis-
tically analyze each factor or its relationship to the overall carburetor icing
problem.

6

_ _ _ _ _ _ _ - ___ . _ _ _ _ - _ _



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

x;>

.

1. Weather condif.icns - Table 2,

2. Phase of flight - Table 3

3. Occurrences by region - Table 4

4. Occurrences by rating - Tables 5 and 6

5. Occurrences by aircraft model - Table /

6. Occurrences by month of year- Figures 4 and 5
7. Occurrences by pilot hours (private and commercial) - Figures 6 and 7

.

WEATHER CONDITIONS DURING CARBURETOR ICING ACCIDENTS / INCIDENTSTABLE 2.
(1976-1980)

CONDITION NUMBER

Low Ceiling 7

Fog 14

Freezing Temperature 4

Heavy Freezing Rain 1

Heavy Snow 3

Light Freezing Rain 4

Light Snow 4

Light Rain 12

Weather Not a Factor 259
Thunderstorm 2

Wind 7

Unknown 2

Other 10

Total 329

TABLE 3. PHASE OF FLIGHT DURING CARBURETOR ICING ACCIDENTS / INCIDENTS
(1976-1980)

PHASE OF FLIGHT NUMBER

Approach 59
Climb to Cruise 6

Cruise 159
Descent 6
Taxiing 2

Landing 14

Takeoff 66
Touch and go 2

Simulated Forced Landing 4

Practice Maneuver 1

Unknown 10

Total 329

7
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TABLE 4. CARBURETOR ICING ACCIDENT /INCIDdNT REl' ORT BY REGIONS ,

GREAT LAKES -TOTAL OCCURRENCES - 80 WLSTERN - TOTA,L OCCylENCEf - 39

STATE 1976 1977 1978 1979 1980 STATE 1976 1977 1978 1979 1980

MN O 1 5 3 6 CA 6 3 7 4 10

W1 1 4 3 2 4 NY 2 1 1 0 I .

IL 0 4 3 1 5 AZ 0 0 1 2 0

IN 1 1 4 2 2 TOTAL 8 4 9 6 12

OM ! O 6 3 1
,

Micil 4 3 2 4 3 NEW ENG1AND - TOTAL CCCURRENCES - 15
TOTAL 7 le 23 15 21

SOUTMWEST - TOTAL OCCURRENCES - 50
- -:?77 1978 1979 1980STATE 1976

ME o 0 0 l 2

STATE 1976 1977 1978 1979 19_80 MASS 4 1 2 0 0
-- - - - , g

181 0 2 0 I I VT 0 0 0 0 "

TE 2 3 7 6 6 NH I O O O O

OE O 3 1 2 El 0 0 0 0 0

AR 0 0 1 2 5 TuTAL b I 2 4 2

LA 3 0 1 3 i
TOTAL 5 % 12 13 15 kuCKY MOUNTAIN - TOTAL UCCUKKkNCES = l)

SOUTHERN - TOTAL UCCURRENCES - 37 STATE 1976 1977 1978 19I9 1980

STATE
- ~1977 ~ ~ -

MT 3 0 0 0 11976 1978 1979 a980
hD 0 0 0 0 0

ET I 1 0 I 1 50 0 1 1 0 0

NC 0 1 0 1 1 WY 0 0 1 0 0

TN 1 O I 1 0 CO 1 3 0 0 0

SC 1 I 2 1 1 y 0 0 1 1 1

CA I 1 1 2 i TOTAL 4 4 3 I 3

FL 1 5 0 1 3

AL I O 1 1 0 CENTRAL - TOTAL OCCURRENCES -9
MISS 0 0 1 0 1

TOTAL 6 e 6 8 8 STATg 197f. 1977 1978 1979 1980

A!>SKAN - TOTAL OCCIIRRENCES - 25 ID 0 0 0 0 0
-

Mo 0 3 1 1 1

STATE
- - - 1979- -

NL 0 1 1 1 0
1976 1977 1978 1980

ga 0 0 0 0 0

a 3 3 6 6 7 TMn 0 . 2 2 i

NORTNWEST - TOTAL OCCURRENCES - 20 P,ACIFIC , TMAL_0CC1;KRE,NC,ES,,-G,

STATE 1976 1977 1978 1979 1980 STATE 1976 1977 I,9)8 19,79 19f0

WA 0 l i 2 2 hA 0 0 0 0 0

IC i 0 I i 1

Ou i I 1 0 I
TUTAL 2 4 % % 4

EASTEslN - TOTAL UCCURRENCES - 4)

STATE 1976 1977 1978 1977 19AO

NY 6 2 6 I 4

FA 2 3 2 1 2

W 4 0 0 1 0
! WV 1 0 0 0 I

MD 1 0 2 1 1

DE O O I O I
VA I O I O O
TMAL 15 5 12 4 4

8
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TABLE 5. YEARLY ACCIDENT TOTALS BY PILOT CERTIFICATE

1976 '1977 1978
NUMBER OF NUMBER OF NUMBER OF
ACCIDENTS / CERTIFICATES ACCIDENTS / CERTIFICATES ACCIDENTS / CERTIFICATES

STUDENT 9 188,801 10 203,501 13 204,874
|

PRIVATE 26 309,005 22 327,424 33 337,644

COMMERCIAL 21 187,801 21 188,763 30 185,833

AIRLINE TRANSPORT 5 45,072 1 50,149 5 55,881

e UNKNOWN

1979 1980 . TOTAL i
NUMBER OF NUMBER OF NUMBER OF

'

ACCIDENTS / CERTIFICATES ACCIDENTS / CERTIFICATES ACCIDENTS

STUDENT
7 210,180 8 199,833 47

PRIVATE
34 343,276 46 357,479 161

COMMERCIAL
23 182,097 26 183,442 121

AIRLINE TRANSPORT
1 63,652 4 69,569 16

UNKNOWN i j

9
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TABLE 6. PILOT CERTIFICATE / RATING FOR CARBURKTOR ICLNG ACCIDENTS / -

INCIDENTS 1976-1980

RATING 1976 1977 1978 1979 1980
CERTIFICATION

_

STUDENT No Rating 9 10 13 7 8

PRIVATE ASEL 25 19 28 29 42

PRIVATE ASE ASES 0 2 3 1 2

PRIVATE ASMEL 1 1 1 3 1

PRIVATE RH ASEL 0 0 0 1 0

PRIVATE UNKNOWN 0 0 1 0 1

COMMERCIAL ASEL 9 8 6 5 6

COMMERCIAL ASEL ASES 1 1 1 2 0

COMMERCIAL ASMEL 10 10 8 4 5

COMMERCIAL UriEL ASES 2 0 0 1 1

COMMERCIAL RH ASMEL 0 0 3 2 1

COMMERCIAL RH 0 1 0 0 1

COMMERCIAL ASMEL ASES 0 0 1 1 0

COMMERCIAL RH ASEL 0 0 3 1 0

COMMERCIAL G RH ASMEL 0 0 1 0 0

COMMERCIAL G ASEL 0 1 0 0 0

COMMERCIAL G ASEL ASES 0 0 0 0 1

COMMERCIAL UNKNOWN O 0 2 0 0

CERTIFIED FLIGHT ASEL 0 0 1 1 1

INSTRUCTOR (CFI)
CFI ASMEL 0 0 4 3 1

CFI ASMEL ASES 0 0 0 2 1

CFI UNKNOWN 0 0 0 0 2

CFI G RH ASMEL 0 0 0 1 0

AIRLINE TRANSPORT ASEL 1 0 0 0 0

AIRLINE TRANSPORT ASMEL 2 1 2 1 2

AIRLINE TRANSPORT ASMEL ASMES 2 0 0 0 0

AIRLINE TRANSPORT ASMEL ASES 0 0 1 0 0

AIRLINE TRANSPORT RH ASMEL 0 0 1 0 0

AIRLINE TRANSPORT UNKNOWN 0 0 0 0 2

AIRLINE TRANSPORT ASMEL 0 0 1 0 0

FLIGHT INSTRUCTOR ASMEL 0 0 0 0 0

UNKNOWN 0 0 0 0 1

RATING ABBREVIATIOFS

ASEL - Aircraft Single Engine Land
ASES - Aircraft Single Engine Sea
AMEL - Aircraf t Multi-Engine Land
AMES - Aircraft Multi-Engine Sea
ASMEL - Aircraft Single Multi-Engine Land
ASMES - Aircraft Single Multi-Engine Sea
RH - Rotorcraft
G - Glider

10
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TABLE 7. CARBURETOR ICING ACCIDENTS /1NC1 DENTS l'Y ALRCRAFT.

M0 DEL (1976-1980)

AIRCRAFT MODEL 1976 1977 1978 1979 1980 TOTAL

AAIA 0 1 0 0 0 1

AAIB 3 1 0 0 0 4

AA5 0 0 1 0 0 1

AA5A 0 1 0 0 0 1

,
AERSPRTQUAIL 0 0 0 0 1 1

A36 0 0 0 0 1 1

A9A 0 0 .i 0 0 1

BABY LAKES 0 0 0 0 1 1

BC12D1 0 0 0 1 0 1

BEDEBD4 0 0 0 0 1 1

BL1265 1 0 0 0 0 1

BL65 0 1 0 0 0 1

BRCEZTLUI 0 0 0 0 1 1

B75NI 1 0 0 0 0 1

C23 0 0 0 1 0 1

C37 0 0 0 0 1 1

D C0657 CRAFT 0 0 1 0 0 1

D36 0 0 1 0 0 1

F19 0 0 0 1 0 1

G-164A 0 0 1 0 1 2

G-164B 0 0 0 0 1 1

G-164C 1 0 0 1 0 2

G21A 0 0 0 0 1 1

HEADWIND 0 0 0 1 0 1

H18 0 0 0 0 1 1

J2MCCULH 0 0 1 0 0 1

J3C65 3 1 0 0 2 6

J5B U U 1 0 0 1

KR 0 1 0 0 0 1

L4B 1 1 0 0 0 2

M20C 0 1 0 0 0 1

M4T U 0 1 0 0 1

M5235C 0 0 1 0 0 1

NAVION A 0 0 1 0 0 1

NAVION B 1 0 0 0 0 1

NAVION D 0 0 1 0 0 1

N253 0 0 1 0 0 1

Pall 0 0 1 0 0 1

PA12 3 0 1 0 0 4

PA16 1 0 0 0 0 1

PA18 0 0 1 1 1 3

PA18A 0 0 0 0 1 1

TA18 150 0 0 1 3 0 4

PA18 10150 0 0 1 0 1 2

11
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TABLE 7. CARBURETOR ICING ACCIDE 3TS/ INCIDENTS BY AIRCRAlT
-

MODEL (1976-1980) (Continued)

AIRCRAFT MODEL 1976 1977 1978 1979 1980 TOTAL

G44A 0 0 0 1 0 1

PA22 0 1 0 0 1 2
'

PA22 150 0 0 0 0 1 1

PA22 160 0 0 2 0 0 2

PA23 1 2 0 1 0 4

PA23 160 0 0 0 1 0 1

PA24 0 2 0 0 0 2 -

PA24 250 1 0 1 0 0 2

PA24 400 1 0 0 0 0 1

PA25 235 0 1 2 4 2 9

PA28 A200 0 1 1 0 0 2

PA28 140 3 1 2 1 4 14

PA28 151 2 0 1 0 1 4

PA28 160 0 0 0 1 0 1

PA28 180 3 0 0 0 0 3

PA28 181 0 0 0 0 2 2

PA28 235 0 0 0 1 0 1

PA32 260 0 0 0 2 1 3

PA38 112 0 0 0 0 1 1

PT130 0 1 0 0 0 1

PT19 0 0 0 0 1 1

PT26B 1 0 0 0 0 1

PA22 135 0 0 0 0 1 1

R0WN 175 1 0 1 0 0 2

RFSB 1 0 0 0 0 1

SA26 0 0 0 0 1 1

SCOOTER 0 0 1 0 0 1

SPORTS TERK 1 0 1 0 0 2

STITSSALLA 0 0 0 0 1 1

ST3KR 0 1 0 0 0 1

TC45B 0 0 1 0 0 1

UH12D 0 1 0 0 0 1

UH12E O O O 0 1 1

UH12EL 0 0 0 0 1 1

UPF7 1 0 0 0 0 1

VARIEZE 0 0 0 0 0 1

V35 1 0 0 0 0 1

0561386 0 1 0 0 0 1

056577 1 0 0 0 0 1

108 1 0 0 0 0 1

1981 1 0 0 0 0 1

1082 0 1 0 0 0 1

11AC 0 0 0 0 1 1

120 0 1 1 0 1 3

12
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TABLE 7. CARBURETOR ICING ACCIDENTS / INCIDENTS BY AIRCRAFT.

MODEL (1976-1980) (Continued)

AIRCRAFT MODEL 1976 1977 1978 1979 1980 TOTAL

140 0 0 0 1 0 1

ISAC 0 0 1 0 0 1

A 150K 0 2 8 1 0 11

150 1 0 5 5 12 23

150C 0 1 0 0 1 2

150F 0 2 0 0 0 3

150FG 1 1 0 0 2 4

150H 0 1 0 1 0 2
,

150J 0 3 0 0 0 3

150K 1 0 0 0 0 1

150L 3 0 1 1 1 6

150M 1 2 1 3 3 10

152 0 0 0 4 5 9

170 0 0 0 0 1 1

170A 0 1 0 0 0 1

170B 0 0 0 1 0 1

172 1 0 3 5 0 9

172D 0 0 2 0 0 2

172E 0 1 0 0 0 1

1721 0 0 0 0 1 1

172K 1 0 0 0 0 1

172L 0 2 0 0 1 3

172M 2 0 2 2 2 8

175 0 0 0 1 0 1

175A 0 0 1 0 0 1

177 0 0 1 1 1 3

177A 0 1 0 0 0 1

177B 0 0 1 0 0 1

18 AAIRSPC 1 0 0 0 0 1

180 1 0 1 1 0 3

180E 1 0 1 0 0 2

180F 0 1 0 0 0 1

180H 0 1 0 0 0 1

180J 0 0 0 0 0 0

182 0 0 1 5 0 6

182A 0 0 0 0 1 1

182B 0 1 0 0 0 1

182C 0 0 0 0 1 1

182F 0 0 0 1 0 1

182H 0 0 7 0 0 7

182J 0 0 0 0 1 1

182K 0 0 0 1 0 1

182M 0 0 0 0 1 1

182N 1 0 0 1 0 2

13
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TABLE 7. CARBURETOR * ICING. ACCIDENTS / INCIDENTS BY AIRCRAFT
*

MODEL (1976-1980) (Continued)

AIRCRAFT MODEL 1976 ' 1977 1978 1979 1980 TOTAL
_

182P 1 3 1 1 0 6

A185K 1 0 0 0 0 1

185 0 0 0 0 1 1

188 CESSNA 0 1 0 0 0 1

23 BEECH 0 0 0 0 1 1
*

305A 0 1 0 0 0 1

310 0 0 0 0 1 1

3105 1 0 0 0 0 1

415C 0 0 0 0 1 1

47B 0 0 0 1 0 1

47D1 2 0 0 1 0 3

47G2 0 0 0 1 0 1

47G3B1 0 0 1 0 0 1

47G4 0 0 0 1 0 1

47G4A 0 0 1 0 0 1

680E 0 0 2 0 0 2

7AC 1 2 2 1 0 6

7ACA 0 0 1 0 0 1

7ECA 1 1 0 0 0 2

7FC 0 0 0 0 1 1

7GCBC 1 0 0 1 0 0

7KCA 0 0 1 0 0 1

8A 0 0 1 1 0 2

95 1 2 0 0 0 3

95702FZ 0 1 0 0 0 1

.
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BASIC CONSIDERATION
.

TYPES OF ICE.

Ice may form in the induction system and carburetor of reciprocating engines in the -

following ways:

1. Impact of water droplets in the induction air on surfaces whose temperature is -

below 32' F (0* C).

2. Cooling to below 32' F of the water vapor in induction air by expansion across
throttle plate venturi. This expansion process produces a temperature drop which
may approach 30' F.

3. As fuel is introduced into the carburetor airstream, water entrained or dis-
solved in the fuel is cooled to below 32' F.

4. Cooling of moisture-laden induction air to below 32' F due to fuel evaporation
as fuel is introduced into the carburetor airstream.

When a liquid evaporates, a certain amount of heat transfer takes place which cools
the surrounding environment. The maximum temperature drop with a stoichiometric
mixture in piston engine aircraft carburetors will be approximately 37' F. As
such, the total temperature drop through a carburetor may approach 70* F.

When aircraf t operational characteristics are reviewed in relation to carburetor
ice formation, the type of ice becomes insignificant, in the general sense. If a
carburetor ice detector is to be accurate and sensitive, all types of carburetor
ice should be detected regardless of cause. It should be noted that the issue is
carbureto r ice and not airframe ice which may block airflow through aircraf t air
inlet / air filter long before ice formation reaches the carburetor / carburetor ice
detector.

FORMATION CHARACTERISTICS.

The initial anticipation for internal carburetor ice accumulation locations
were primary or secondary venturi, main fuel jet housing, throttle plate and
induction manifold downstream from the throttle plate. It was anticipated that
these locations were not only the coldest positions within the carburetor induction
system, but also areas where metal structures protrude into the airstream and as
such, offer ice attachment. However, such locations did not always provide antic-
ipated results as will be discussed in GENERAL OBSERVATIONS portion of report.

ICING PARAMETERS.

Factors / parameters which are critical for ice formation are carburetor air
temperature / ambient air temperature, humidity and throttle plate angle. Throttle
plate angle which relates to engine revolutions per minute (rpm) also relates to
the amount of ambient air flowing through the engine. This interrelationship has
the larges t impact on carburetor metal temperature and as such, ice accumulation
rate. Fuel temperature and mixture setting (rich / lean) were found to have an
insignificant impact on ice formation, location, or rate.
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Additional general carburetor / induction icing information is provided in
.

appendix A. Addi tional carbu re to r/induc t ion icing documentation bibliography

is provided in Appendix B.

OPERATIONAL CHARACTERISTICS.

Most carburetor icing accident reports place final blame as pilot error, due to
pilot in command of the aircraf t having final authority and responsibility for the
safe conduct of flight operations. While this is a true statement f rom the FAR
standpoint, the question remains as to why the pilot allowed conditions to deter-
iorate to a point of,no recovery.

Ccckpit instrumentation, depending on aircraf t configuration, which provide indica-
tions of aircraft / engine performance deterioration are rpm, airspeed / altimeter,
Exhaust Gas Temperature (EGT), and manifold pressure. As carburetor ice accumula-
tion commences, engine RPM will gradually decay with a fixed pitch propeller and
manifold pressure will decay with a constant speed propeller. This decay will be
followed by a loss of airspeed if constant altitude is maintained, or a loss of
altitude if aircraft tria is allowed to maintain constant airspeed. As noted under
the GENERAL OBSERVATIONS portion of this report, ice accumulation generally pro-
duces mixture enrichment which leads to a reduction in EGT and is accompanied with

a rough running engine.

Ice accumulation rate depends on atmospheric conditions , but generally is very
steady and persistent. This brings about a steady change to aircraft / engine
performance and as such, lends itself to catching the pilot onaware. Due to this

s teady change , some indications such as EGT change are difficult to detect,
although not impossible.

It should be noted that although the mixture enrichment /EGT drop is the most common
f ailure mode , there also exfsts a lean f ailure mode. This lean mode occurs far
less often than the rich mode and is preceded by the rich mode conditions until ice
formation causes a changeover.

With existing cockpit instrumentation available, it appears as though something is
overlooked or misinterpreted. File data presented under historical data displays
that, although most accidents / incidents occur to low-time student and private
pilots, by no means are high time / advanced rated pilots immuned. Therefore, the

big problem is proper interpretation of performance instrumentation in a timely
manner that will allow appropriate corrective procedures to be implemented.
Establishment of accurate, sensitive, more direct instrumentation, and/or establish
carburetor induction systems which prevent engine stoppage due to ice, will assist
in solving the problem.

COCKPIT INSTRUMENTATION.

STANDARD INSTRUMENTATION. Existing standard cockpit instrumentation is adequate to
alert the pilot of a possible onset of carburetor ice formation. These instruments
must be monitored for perfotmance degradatien which will appear once ice accumula-
. tion has progres sed. Major drawbacks to present standard instrumentation are:

1 Pilots tend to overlook performance degradation to the point of near engine
failure, hence, " Pilot Error."
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2. At low power settings or prolonged periods of time at reduced power setting $,
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 the uninitiated pilot to turn off heat. Roughness is
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 degradation does not appear at initiation of ice formation, but
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.

OPTIONAL INSTRUMENTATION. In addition to the standard cockpit instrumentation
required by FAR's, there are optional instruments available on the market shelf
which have been approved by the FAA on a no-hazard basis with the issuance of STCs
for installation in type certificated aircraf t. Such instruments are approved as
optional equipment only and flight operations should not be predicated on their
use. STC approval is not extended to other specific engines of the approved models

, on which other previously cpproved neodifications are incorporated unless it is
| determined that the interrelationship between changes /rodifications will introduce

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

' Two of f-the-shelf instruments which are commonly installed as carburetor ice
detection / warning devices were evaluated within this report. For the purpose of
this report these instruments are listed as Test Probe 1 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 instrument panel, is 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 carburetor.

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

As discussed in the Test Probe 1 SYSTEM TESTS portion of this report, 18
separate test runs were performed in the static sea level engine test cell using
Test Probe 1. Data compiled during test operations, which totaled 30.85 hours of
engine operation, lead to the conclusion that the instrument is a useful cockpit
item. There are some shortcomings 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:

1. System operation is sensitive to aircraf t voltage fluctuation.
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2. During some atmospheric conditions, the system has poor ice formation,

detection characteristics at low RPM settings (1400 and below) due to carburetor
airflow characteristics.

3. STC addresses the existence ot an aircraft flight manual supplement.
How-ver, no requirement exists to add such an equipment operational supplement to
the aircraf t flight manual when an ice detector probe is installed. This leaves
the pilot / owner without full knowledge of proper equipment operation.

4. During actual ca rbureto r frost / ice formation above 1400 rpm this system
provides advance notice to the extent that some pilots may be led to disbelieve the
warning signal.

Although the above mentioned shortcomings may appear to have serious connota-
tions, it should not be construed that the instru.nent is useless. The Test Probe
1 carburetor ice detector is a valuable ins trument for carburetor ice protection
when used properly with correct interpretation as established by the manufacturers
of such Probes.

Test Probe 2. The Test Probe 2 system is compeletely independent of pressure
changes and air moisture content which do not af fect warning device operation.
This probe is a special r 'I wire sensing coil of known resistance characteristics
encapsulated in a thin wan shell with epoxy resin. The wire sensing coil resis-
tance changes with carburetor air temperature. This resistance change is converted
to temperature and displayed on the cockpit instrument panel. Such a system design
is completely independent of pressure changes and air moisture content which do
not affect warning device operation.

As indicated in the Test Probe 2 SYSTEM TESTS evaluation portion of this
report, 13 separate test were performed in the static sea-level engine test cell.
Data compiled during test operations, which totaled 22.06 hours of engine
operation, lead to the conclusion that the instrument is a usef ul cockpit item if
properly utilized as the manufacturer has recommended in the installation
instructions. There are some shortcomings inherent in the Tt.s t Probe 2 system
design / probe location as described in the ENGINE TEST SEQUENCE po rtion of this
report; however, the following summarizes these shortcomings:

1. The instrument probe detects temperature only and does not detect moisture
present to form ice.

2. The temperature probe does not see the coldest temperature inside the
carburetor which occurs at the throttle plate.

3. The instrument probe does not see the effect of fuel flow mixing with
airflow.

4. At low rpm settings such as 1400 and below, this probe does not provide
accurate temperature indications due to carburetor airflow characteristics at probe
loca tion.

5. Ins talla tio n instructions contain a section on pilot in-flight test
procedures which should be utilized to verify cockpit instrument temperature
indication when carburetor icing commences. This proecedure is to be followed for
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each aircraft installation so as to provide accurate information for that specific
'

installation. STC does not require this procedure as a flight manual supplement
which leaves the pilot / owner without full knowledge of proper equipment operation /
indication.

Although these above mentioned shortcomings may seem to have serious connota-
tions, it should not be construed that the instrument is useless. The Test Probe
2 carburetor temperature detector is a valuable instrument for carburetor ice pro- ,

tection when used properly with correct interpretation as established by the
manufacturers of such Probes.

TEST CELL EQUIPMENT

ENGINE.

The test engine was a Teledyne Continental Motors zero time factory overhauled
0-200A, naturally aspirated, ove rhead valve, air cooled, horizontally op pos ed ,
direct drive, and wet sump aircraft engine. The serial number was 231139-R with a
bore and stroke of 4.06 inch x 3.88 inch for a total displacement of 201 cubic
inches. The compression ratio was 7.0:1 with a firing order of 1-3-2-4.

The wet sump oil system had a 6-quart capacity with a standard gear type pump and
no oil coole r. The engine contains hydraulic tappets whJ1e the cylinder walls /
pistons are spray lubricated. Normal operational oil pressure was 30 to 60 poundo
per square inch gage (psig).

The gravi ty feed fuel system produced 1. 5 pot. v .s per square inch (psi) at the
carburetor inlet with a full tank of 50 gallone, 100 low-lead aviation gasoline.
The carburetor system was a Marvel Schebler Mod * 1 MA-3 SPA, which had been espe-
cially instrumented for the test. A screen mesh fuel filter of the type used on
DC-3 aircraft was installed in the system along eith fuel system temperature and
pressure probes at several locations.

The engine had a dual msgneto, radio shielded ignition system where the right
magneto fired the upper spark plugs and the left magneto fired the lower plugs.
The magnetos were Slick Model 4201 with impulse couplings. Both magnetos drove
clockwise, with a one-to-one drive ratio to the crank shaf t and timed to 24' before
top center (BTC).

COOLING SYSTEM.

The cooling system consisted of an air moving and heat unit, a pressure regulating
and shutoff valve, an engine cooling hood, ducting and various pressure and
temperature probes. The air moving and heating unit was self-contained with a

3 min (CFM) centrifugal blowe r; 20 Horsepower (HP), 3,6M rpm, 240/6,000 ft*

volt 3-phase, 60 hertz (Hz) motor. A one million British Thermal Unit (BTU) per
hour burner using JP4 fuel with boiler, expansion tank and heat exchanger was also
included.

A twenty-four-inch diameter sheet metal ducting with temperature and pressure pro-
bes was utilized to connect the air moving unit, pressure regulating and shutof f
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valve, and 18-inch diameter flex duct which attached to the top of engine cooling
hood. The pressure regulating and shutof f valve was a sheet metal tee with a set*

of louvers and regulating slide on the top to allow excess pressure / airflow to
escape. The regulating portion had coarse and fine adjustment co allow for easy
major settings and daily ambient changes, while the branch portion had shut-of f
louvers prior to the 18-inch engine ducting.

The engine cooling hood was a sheet metal box on top of the cylinders which
converted the velocity of the cooling air into a pressure differential to move
air across the cooling fins carrying away engine heat. The box had a total
temperature probe and static ports to read cooling air pressure and temperature
inside the hood assembly. There were high temperature rubber seals next to each
cylinder to force air across the fins, rather than around them. The top of the
hood was basically a transition section changing the 18-inch round flex duct to the
shape of the cylinder box.

FUEL SYSTEM.

The fuel system consisted of a tank with sight gage, shut-off valve, fuel chiller,
removable screen-type fuel filter with drain sump and the Marvel Schebler car-
buretor Model MA-3 SPA.

The steel fuel tank had a 5-percent expansion space above the fill r opening which
contained a vented filler cap. A 3/8-inch type 304 stainless steel 6ube connected
the tank to a manual shut-of f valve followed by a normally closed 115 volt alter-
nating current (a.c.) 9/32-inch orifice shut-off valve. The tubing connection at,

! the fuel tank was approximately 1-inch above the tank bottom allowing room for
water and sediment to remain on the bottom.

Next in line, the fuel system had an insulated tank heat exchanger. This insulated
tank had a 3/8-inch fuel line coil around which ice was placed to cool fuel prior
to fuel filter and carburetor inlet. The tank bottom had a water drain incor-
porated which allowed excess water to be removed. Fuel temperature was controlled
manually by placing ice and water in heat exchanger tank and monitoring carburetor
float bowl temperature.

The fuel filter was bolted to the engine mount back plate and had a thermocuplei

installed in a Swagelok" fitting on filter body lef t side. A standard aircraf t type
quick drain was installed in the bottom of the filter to allow checking and removal
of water and sediment. The carburetor instrumentation included two throttle plate
temperatures, four metal temperatures and a float bowl temperature. Idle jet
pressure and inlet fuel pressure were also instrumented. The carburetor was
enclosed in a metal box to assist in controlling ambient temperature and simulate
engine cowling conditions. There were openings in the box for throttle, mixture
control, f uel line , instrumentation wires and tubes and to allow air to exhaust.
After carburetor instrumentation and installation was completed, operational
testing was accomplished to obtain data for engine performance correlation with
performance data obtained during initial engia run-in checks. No parformance
degradation was noted as a result of extensive instrumentation.

INDUCTION AIR SYSTEM.

The induction air system consisted of two air source and conditioners, a humidity
device, plenum chamber, carburetor heat valve, heet exchange r, and associated
ducting.
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The air sources were two 18,000 BTU per hour, 220 volt a.c. air conditioners
ducted together with 6-inch flex line and a sheet metal tee. There were small
sheet metal boxes on the air conditioner outlets that transition to the 6-inch *

duct. Thermocouples were mounted in the outlet boxes. When the engine was not
running, the " fan-only" position on air conditioners pressurize the main plenum
chamber to about 0.90 inches of water.

A specially designed humidity device which took a stream of water and broke it up
with jets of air was used to supply coisture needed to make ice in the carburetor.
The device included an air pressure gage and shut-off/ regulating valve which
controlled the shop air utilized to braskup the water stream, a rotormeter and
shut-off valve to measure and regulate water flow and a water discharge tube
located in the high pressure air jet path. This device could easily take ambient

( air or air-conditioned air to the saturation point by adjusting water flow rate.

The plenum chamber was a 2-foot sheet metal cube with legs, a 6-inch diameter inlet
connection from the humidity device and two 3-inch outlets. There was a deflector
plate at the 6-inch inlet to arrest any liquid water droplets and make them fall
into the sump area. Also included were the temperature probe, pressure tap,
dewpoint measuring ports, and sump area drain. The entire plenum was insulated to
reduce ambient temperature effects on conditioned air.

The carburetor heat valve was tee-chaped with a remotely operated hydraulic slave
system flapper valve and lever mechanism to allow either normal conditioned air or

heated air to enter carburetor inlet. Carburetor heat was used between test points
I to heat and dry the engine induction system.

The heat exchanger, sometimes called a heater muf f, was holted to the exhaust pipes
on the right side of the engine. When heat was selected, induction air would be
drawn from the plenum chamber, around the exhaust pipes and into the carburetor;

inlet to melt any ice and dry the optical test probe. The heater muf f intet and
outlet had 3-inch flexible tubing connecting the entire system from plenum to
carburetor inlet.r

ICE MONITORING SYSTEM.

The ice monitoring system consisted of two fiber optic borescopes, two cold light
sources, two television (TV) cameras, one video cassette recorder, two TV monitors,
and various adapters.

There were two 0.340-inch diameter fiber optic borescopes which had a 50-inch
working length. One borescope had a forward viewing distal end while the other was

i side-viewing. Both were capable of 120' articulation in either direction from
straight. A cold light source with two easily changed internal lamps, a brightness
control knob, and operating on a 115-volt a.c. 2.5 amps accompanied each borescope.

| Both light sources were attached to a shock mounted plate to dampen engine vibra-
tion and , in addition, the carburetor bottom borescope light source was wired witht

a remote power switch for control room use while testing A.R.P. optical ice
detector.

.
Each borescope optical end had a special adapter which allowed attachment to

l individual standard black and white television cameras. This assembly was then
l anchored to the same shock mounted plate utilized for borescope light sources.

Each camera also required a separate remote power supply which was located in the
control room. The distal end of each borescope mounted in separate adapters
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specifically designed to fit below and above carburetor mounting flange ar d provide
physical mounting of borescope probes while the bottom adapter also allowed flexing-

of the distal end.

A video cassette recorder was used to obtain a pictorial record of pertinent tests
or conditions of a test. The video cassette recorder was normally attached to the
bottom borescope to record bottom throttle plate view. The recorder could easily
and quickly be shif ted to the top borescope which provided viewing of either the
top throttle plate area or the intake manifold.

Two TV monitors were used to view the test continually and check for ice buildup.
The monitors allow for varying test conditions and obtain immediate feed-back,
relative to data which should be recorded.

Figure 8 depicts overall instrumentation / installation equipment described above.
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DATA ACQUISITION SYSTE_M.
.

The data acquisition 6ystem used to collect the data was a NEFF instrument corpora-
tion series 620L analog data acquisition and control system. This system consists

of a NEFF Series 400 Differential Multiplexer, a Digital Equipment Corporation PDP
11-04 computer, and a Kennedy Corporation Model 9000 tape transport.

The differential multiplexer was a complete high speed data acquisition subsystem.
It contained a high speed solid state analog signal multiplexer that was capable
of accepting 256 input channels, a programmable gain differential amplifier and an
analog-to-digital converter. Signals acceptable to the differential multiplexer
were thermocouples and analog voltages with full-scale readings ranging from 5
millivolts to 10.24 volts. Each channel had a 10Hz filter to reject superimposed

noise and unwanted signal frequencies.

Control of the data acquisition was performed by the PDP11-04 computer which
encompassed setting sampling rate (10kHz max), converting raw data into engineering
units as established by operator, displaying eight different parameters on cathode
ray tube (CRT) and writing data on Kennedy tape drive at a rate of 1600 bits per
second. An alarm capability was installed to warn the engine operator when any
parameter reached a critical value.

Thermocouple instrumentation utilized during test operations were calibrated to
*0.5* F, while data acquisition / computer system carried data readings to
t0.0001* F. This can be observed in the rapid sharp changes depicted in
appendix E data plots.

ENGINE TEST SEQUENCE

BREAK-IN RUN.

The engine was purchased as a Teledyne Continental Motors factory rebuilt, zero
time engine. A 50-hcur break-in run was completed prior to a series of baseline
tests to check engine performance. The baseline allowed comparison of icing runs

with normal engine performance and a check for instrumentation placement and any
related power deterioration.

The first 25 hours of operation was conducted with a non-detergent oil type Mil-
C6529 Type 11 while the remainder of the testing was conducted with an Ashless
Dispersent Aviation oil EE-80. Initially, oil was changed at 25 hours, again at
the first 50-hout inspection and every 50-hours of subsequent operation.

Break-in testing started with an 800 to 1000 rpm setting. When oil temperature and
cyliner-head temperature (CHT) showed a definite increase, rpm was set to 1200 and
a manual data point taken. When oil temperature reached 70* F or greater, rpm was
increased to 1800 and af ter a stabilization time, a magneto test was perfo rmed.
The next series of steps paralleled a normal light plane operation. A full

throttle takeoff run of about 5 minutes was accomplished followed by a power
reduction to 2050 with manual data reading taken at each point. Finally, rpm was

set at 1950 for a 20-to-30 minute steady-state condition, with data taken every 10
'

minutes, and then a 1200 rpm cooling condition was set followed by a decision to
either enter a shutdown sequence or initiate another cycle.

!
:
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The engine start, magneto check and a full power run was labeled Normal Startup
Test (SUT).,

,

BASZLiNE TESTS.

This test was initiated with a SUT. After full throttle condition data was taken,
rps was retarded to 2100 and engine allowed to stabilize. Computer data was taken

; continrously at I scan per minute while the engine was stabilizing. Manual data
was taken at each point three minutes after point was set. Af ter another minute or
two, the next lower rpm was set. This sequence was repeated as per table 8 until -

all pc.ints were completed. When a full test was completed,1200 RPM was selected
and cooling air modulated to allow the engine to cool slowly. A 1000 rpm condition!

was selected, a magneto safety check accomplished, and then mixture control pulled
to the of f-position to stop engine. This was labled Normal Shut-Down Test (SDT).

TEST PROBE 1 CARBURETOR ICE DETECTOR SYSTEM TESTS.

The initial series of Test Probe 1 tests were conducted with two main parameters in
mind. First, it is very difficult to build ice at high rpm in a short period of
time. Next, experience had previously shown that the throttle angle effects
temperature readings in the location of the Test probe. This meant that rpm /
throttle angle could effect the ice detection characteristics.

The optical ice monitoring system gave a very good picture below the throttle plate
at all times, however, the picture above the throttle plate was poor at icing
conditions. It was observed that high rpm ice tended to build out of the immediate
view of the bottom borescope and borescope relocation would not solve this problem,
therefore, 1800 rps or below was selected to evaluate rate at which Test Probe 1
responded to ice.

The optical ice monito ring system utilized a cold light source, as discussed in
TEST CELL EQUIPMENT po rtion of this report, to illuminate area being observed.
A problem developed when Test Probe 1 ice detecting system testing commenced, since

| this system used light for its basic operating principal. With the bottom bore-
scope light source operating, the illumination was such that the Test Probe 1

[ system would not function under any condition. To overcome this difficulty, a
'

remote lower borescope light source power switch was installed in test cell control
room test console which allowed test operator to control light source as desired.
This enabled icing tests to be conducted with the borescope light source off,
except for very brief moments to check for ice condition.

A series of ice detecting tests were performed in the sequence noted in table 8.
Af ter conducting a number of the tests, the Test Probe 1 system failed to detect
ice at any condition. While trouble shooting the system, it was discovered that
the power supply was putting out 14.5 volts direct current ( V.d .c. ) to the Test
Probe 1 system. The sensitivity was reset to 12 V.d.c. and normal system operation
commenced.

This led to the discovery that, if the Test Probe 1 sensitivity was cet at one
voltage and then operated at a lower voltage, the warning light would remain on at
all times. If the sensitivity was set at one voltage and the Test Probe system
operated at a much higher voltage the warning light would never come on even with
very heavy ice. This voltage sensitivity was tested many time s at different
voltage variations and operational characteristics noted. If aircraft voltage
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TABLE 8. ENGINE TEST SEQUENCE

NORMAL START-UP TEST (SUT)

800 to 1000 1200 1800 MAGNETO CilECK FULL TilROTTLE POWER CHECK

NORMAL SilUT-DOWN TEST (SDT)

1200 cool down 1000 MAG SAFETY CilECK PULL MIXTURE OFF
(SilUT COOgING AIR OFF WilEN CilT
BELOW 300 F)

M

BREAK-IN TEST

SUT 2050 1950 1800 After 1800 either SDT or full
throttle run then 2050 and
repeat cycle

BASELINE TEST

SUT 2100 2050 1950 1850 1800 1500 1300 SDT

. .

t
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i'acreases more than 0.75 V.d.c. above that which existed when Test Probe 1
sensitivity was set, ice detection accuracy decreased. When operating voltage.

increased approximately 2.25 V.d.c. above that which existed when the sensitivity
was se t , ice detection was next to nill. Another operational characteristic noted
was the rate at which the sensitivity knob was adjusted. A very slow adjustment of
the knob to desired position would leave the light accurate but extremely sensitive
to frost formation. During these tests of characteristics, it was noted that best
results were obtained when the sensitive knob was set at a medium rate and not fine
tuned. It was also noted that as ice would build, the sensitivity could be reset

I until the warning light went out and the indicator would continue to function and
provide a warning if ice continued to build. The Test Probe 1 ice detecting system
can detect ice and be a ve ry usef ul tool if instructions are followed and the
operating limitations known.

TEST PROBE 2 CARBURETOR ICE DETECTING SYSTEM TESTS

The Test Probe 2 system testing was approached with limited practical knowledge of
internal carburetor ice production and propagation, since this was the first system
tested. Ice was produced at var _ s rpms with several repeatable propagation
patterns and rates with Test Probe 2 temperature indicator in and out of the
caution arc. As tes t experience grew in the ice production area, it became
apparent that the temperature probe being tested was not located in the coldest
point in the carburetor. It was speculated that air around the probe stagnated at
engine rpas of 1400 and below since actual air measurements could not be taken in
the immediate vicinity of the probe. It was noted that visible ice could be
accumulated on throttle plate at 1400 rpm and below while Test Probe 2 temperature
indicator indicated outside of the yellow caution arc. Figure 9 contains a temp-
erature plot indicating the temperature dif ferential between the tes t probe
temperature and internal carburetor temperatures. As engine rpm was increased above
1400, tt~ indica to r's caution arc became accurate relative to ice accumulation
probability, however, temperature dif ferentials continued. The Test Probe 2
temperature probe can be a usef ul tool to alert pilots of possible carburetor ice if
operating instructions are followed and operating limitations are known.

!

!

DISCUSSION

As addressed in GENERAL OBSERVATIONS portion of this report, the carburetor idle
jet pressure was useful in monitoring carburetor performance / sensitivity during
ice accumulation and propagation. Figure 10 is an idle jet pressure plot versus
rpm with pressure being measured in inches of mercury vacuum. Figure 10 was taken
from the SUT of a Test Probe I test cycle, wherein slight idle jet pressure
fluctuations which are evident at 900 and 1300 rpm are attributed to typical engine

warm-up characteristics. The pressure fluctuation at 1800 rpm was typical during
magneto operational check.

Figure 11 reflects idle jet pressure fluctuation during the entire Test Probe 1
test cycle initiated in figure 10. Large pressure fluctuations were typical during
carburetor icing and were detected prior to engine performance degradation. During
some large pressure fluctuations an idle jet vent was opened to check on possible
alteration of engine performance characteristics. Whenever venting was initiated ,

i idle jet pressure would return to near ambient. Exhaust emission analyzing equip-
ment would better identify changes in engine performance characteristics due to
such a venting operation.
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Data collected during each engine test run was plotted as displayed in figures 10
| and 11 as well as appendix E. Each parameter was plotted for the complete test run *

in two formats:

1. Individual parameter versus rps for complete test run as displayed in

| figure 11.

2. Individual parameter versus 25-minute increments for cosplete test run as
displayed in appendix E (figure E-5).

J

Appendix E test data is only a sample of the vast data obtained during the entire
test program. For analysis purposes, each parameter listed in table I was plotted
as mentioned above and reviewed for abnormalities.

Appendix F provides pictorial information relative to test cell engine
installation.

GENERAL OBSERVATIONS.

1. Engine operation under carburetor icing conditions was accomplished at sea
level conditions only.

2. Engine rpa in the test cell installation was a static condition. During actual
in-flight operation, engine rps would be 200-300 rpm higher for a given throttle;

plate angle. Such an increase in rpm with its corresponding increase in airflow
would cause a slightly larger cooling ef fect inside the carburetor for a given
throttle plate angle.

;

3. The static test cell engine installation without actual aircraf t cowling and
dynamic flight conditions allowed an engine heat trans fe r dif ferent f rom that
imposed in-flight. The test cell installation did not allow the engine to dissi-
pate heat as rapidly as in-flight, and hence, represents a conservative condition
relative to icing.

4. Under static test cell operating conditions, engine rpm at times would drop
from a given test point (1400, 1600, 1800, etc.) down to approximately 600 rpm. At
that point in time , engine heat would cause ice to nelt and allow the engine to
accelerate without causing actual engine stoppage due to ice. However, in-flight
conditions with flight loading on propeller would have caused engine stoppage.

5. A better unders tanding of carburetor ice accumulation effects on fuel-air
ratio could have been obtained with the use of exhaust emission analyzer equipment.

However, such test equipment was not available at time of test cell engine opera-
tion. Additional engine testing with emission equipment would better define!

the rich / lean failure modes.

6. The initial impact on carburetor performance as ice accumulation commences
was a fluctuation of idle jet pressure below normal value. Such fluctuation
would appear long before engine. performance degradation commenced. Idle jet
pressure became an accurate instrument for early detection of carburetor ice
formation.
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'/ . Additional "ott-the-shelt" concepts / devices were becoming available , however,
such equipment was not available at the FAA Technical Center during test cell engine.

o pe ra tions . All known devices which are becoming available are listed in appendix
G.

.

8. With over 150 hours of test cell engine operation, only two occ sions were -

observed with any form of ice accumulation on the venturi (primary / secondary).
These two occurrences were only light frost coverings and did not alter carburetor

-performance.

9. During one test cycle, throttle plate ice accumulated tc a point that throttle
movement was restricted and engine would not accele rate above 1900 rpm at which
time engine stoppage would have occurred. Complete stoppage was alleviated by,

retarding throttle to 1200-1400 rpm at which point engine operation was acceptable.
A cure for this 1900 rpm condition was obtained with:>

(a) full carburetor heat,
(b) mixture lef t as set prior to problem, and

i (c) slowly exercise throttle with caution so as not to damage
j throttle plate or venturi area.

During this icing condition, ice built from throttle plate lowe r face straight
down, parallel with and into the incoming airflow. After initial engine roughness
which was corrected by setting a lean mixture, normal ragine operation was noted
until acceleration was attempted.

10. Based on video observa tions of actual carburetor ice accumulation, the best
location for a carburetor ice detector / warning device would be on throttle plate.

11. Additional engine test work needs to be performed, relative to lean failure
mode due to ice accumulation, to better understand the conditions.

,

12. Although total test time was short as compared to a year's operating time on-

'

an aircraft, dirt is not expected to interfere with the Test Probe 1 indicator
light ray scatter technique between aircraf t maintenance ins pe ct ion requirements.

CONCLUSIONS

Related Factors.

Based on test cell ins trumentation and test cycle data obtained as outlined in
various portions of this report the following conclusions have been made.'

i

1. Surprisingly, little moisture needs to be present in ambient air to initiate
carburetor ice / frost formation. This may lead pilots to the assumption that
carburetor ice is not their problem.

2. Carburetor ice accumulation commences on the throttle plate.

3. Small amounts of ice formation on the manifold side of the throttle plate next
to the idle jet holes will have an immediate impact on idle jet pressure (vacuuum).
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4. When ice accumulation commences on the upstream throttle plate face, as it
tace s the incoming airstream, large amounts of ice may build up prior to perform- -

ance degradation.

5. 1.ittle ice fo rma tion was noted on the ca rburetor venturi or the induc t ion
manifold above the carburetor.

6. 'ine failure / stoppage modes due to ice accumulation are, excessive over rich
mixture or excessive lean mixtures. The over rich mixture conditions are by far
the most common.

7. Ice accumulation can build on throttle plate face to a point that throttle
advancement and engine acceleration are impossible. This condition may occur with
very little initial engine performance degradation until throttle advancement is
attempted.

8. Primary and secondary venturi locations are not major ice accumulation
positions.

General.

1. Existing standard cockpit instrumentation is adequate to detect carburetor ice
fo rma tion. Aircraf t/ engine performance degradation will provide warning indications
with suf ficient time to correct deteriorating conditions prior to engine stoppage.

2. Pilot education during student training phase and biennial flight review needs
to stress carburetor icing problems, detection indications and proper corrective
procedures as specified by aircraft manufacturer in the approved aircraf t flight
manuals.

3. FAA/NTSB accident / incident data for engine failure / stoppage contain a large

quantity of statements, "Cause Unknown." Many of these reports could quite
conceivably be carburetor icing situations making the problem much larger than data
reports indicate.

Test Probe 1 Indicator System.

1. Carburetor ice indicator was a usef ul instrument at rpms above 1,400.

2. The indica to r probe does not feel the effects of fuel flow within the
carbure to r.

3. The carburetor throttle plate temperature is colder than the air temperature
seen by the indicator probe.

4 There are some accuracy limitations when using this indication system which
should be placed in aircraf t flight manual such as observed at 1400 rpm and below.

5. When adjusting de tecto r light sensitivity in-flight, care must be taken or
accuracy of instrument will be nullified and pilot will not be aware of his
adjustment error.
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'b. Although the above mentioned shortcomings may appear to have serious cannota-
tions, the instrument, when used properly, will provide valuable inf o rma t ion..

Test Probe 2' Indicator System.

1. Carburetor air temperature indicator was useful at rpms above 1,400.

2. The air temperature probe does not feel the ef fects of moisture or tuel flow
within the carburetor.

3. The carburetor throttle plate temperature is colder than the air temperature
seen by the indicator probe.

4. There are some accuracy limitations when using this probe which should be
placed in aircraf t flight manual such as observed at 1400 rpm and below.

5. Although the above mentioned shortcomings may appear to have serious connota-
tions, the ins t rume nt , when used properly, will provide valuable information.

.
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APPENDIX A

ADVISORY CIRCULAR AC NO: 20-113 DATED OCTOBER 22, 1981 SUBJECT:
PILOT PRECAUTIONS AND PROCEDURES TO BE TAKEN IN PREVENTING AIRCRAFT
RECIPROCATING ENGINE INDUCTION SYSTEM AND FUEL SYSTEM ICING PROBLEMS
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APPENDIX A
.

AC .T-113

DATE 10/22/81

ADVISORY CIRCULAR
. . .

DEPANT3 TENT OF THANSPoitTATION.

3 Federal Aviation Administration
,

Washington. D.C.
.

Nuleje ct : PIIUf EECAlJfIONS NJD IHOCIDJethS 70 BE 1AKEN IN REVEfffLNG
AIRCRAET RECIPRCCATING E2OINE INDUCflCN SYS'IDt sWD bul SYSTEM
ICING EBOBIDiS

1. RRKEE. 'Ihis circular grovides information pertaintrq to aircraft ergine
induction system iciry and the use of tuel .rioitives to reduce the hazards of
aircraf t weration that tray result from the presence of eter ard ice in aviation
gasoline and aircraft fuel systems.

2. CANCELIATION. 'Ihis Advisory Circular cancels AC 60-9 and 20-92.

3. RELATED READI?C MATERIAL.

a. Advisory Circular AC 20-24A, 4/1/67, Q2alification of Fuels, Lubricants,
and Additives.

b. Advisory Circular AC 20-293, 1/18/72, Use of Aircraf t Fbel Anti-Icim
Additives.

c. Advisory Circular 20-73, 4/21/71, su rerat t lee Protert ton.
l

j si. National Resparch Council ot Canada, Mecanical I;mineerim rqurt 1d-530,
Aircraf t Carburetor icity Studies, July 1970.

Investigation of Ictry Characteristics of Tyolcal Light Airplane Eryinee.

Inauction Systems, PACA 1N te.1790, February 1949.

i f. Icirq - Protection Requirements for Reciprocating Ernine Induction
Systems, PACA Technical Report No. 982, June 1949.

9 Various Aircraf t Owners Handbooks, provided by the tranufacturers.

b. Carturetor Ice in General Aviation, NTSB Special Report AAS-72-1.,

|
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4. BAClGROUND/ DISCUSSION. Reciprocating engine icing conditions are a constant
source of concern in aircraft operations since they can result in loss of Inwer
and, if rot eliminated, eventual engine malfunction or failure. The different
types of icing mnditions are characterized as air induction system icing ard
aircraft fuel system icing. Because of a substantial nunber of aircraft accidents
attributed to incidents involving such icing, it is important for a pilot to know
the kinds of ice formation encountered, and the manner in Wich each is formed.

5. INDUCTION SYSTDt ICING. Induction system icing may be characterized as
Inpact Ice, ' throttle Ice, md Fuel Vaporization Ice. Any one, or a combination of
the three kinds of induction icing, can cause a serious loss of power by
restricting the flow of the fuel / air mixture to the engine and by interference
with the proper fuel / air ratio. Because irduction icing accidents can be
prevented by the pilot in virtually all cases, improved pilot awareness,
attention, and adherence to recomended procedures should reduce accidents of this
type.

a. Inpact Ice - Impact ice is formed by noisture-laden air at temperatures
below freezing, striking and freezing on elements of the induction system which
are at tenperatures of 32* F. or below. Under these conditions, ice may build up
on such un w nts as the air scoops, heat or alternate air valves, intake
screens, and protrusions in the carburetor. Pilots should be particularly alert
for such icing ten flying in snow, sleet, rain, or clouds, expecially ten they
see ice forming on the windshield or leading edge of the wings. The ambient
tenperature at dich impact ice can be expected to build nost rapidly is about
25' F., when the supercooled noisture in the air is still in a semiliquid state.
This type of icing affects an engine with fuel injection, as well as carbureted
engines. It is usually preferable to use carburetor heat or alternate air as an
ice prevention means, rather than as a deicier, because fast formiry ice Wich is
not innediately recognized by the pilot may significantly lower the amount of heat
available from the carburetor heating system. Additionally, to [revent power loss
from inpact ice, it may be necessary to turn to carburetor heat or alternate air
before the selector valve is frozen fast by the accunulation of ice around it.
When icing conditions are present, it is wise to guard against a serious buildup
before deicing capahility is lost. 'lhe use of partial heat for ice prevention
without some instrumentation to gauge its effect may be worse than none at all
under the circumstances. Impact icing is miikely mder extremely cold
conditions, cecause the relative humidity is usually low in cold air ard because
such noisture as is present usually consists of ice crystals which pass throuah
the air system harmlessly. 'Ihe use of partial heat een the tengrature is below
32' F. may, for exanple, raise the mixture temperature up to the danger range,
whereas, full carburetor heat would bring it well above any danger of icirg.

b. '1hrottle Ice - Throttle ice is usually formed at or near a partially
closed throttle, typical of an off-idle or cruise power setting. 'Ihis occurs een
water vapor in the air condenses and freezes because of the cooling restriction
caused by the carburetor venturi and the throttle butterfly valve. '1he rate of
ice accretion within and innediately downstream from the carburetor venturi and
throttle butterfly valve is a function of the anount of entrained noisture in the
air. If this icing condition is allowed to continue, the ice may build up mtil
it effectively throttles the engine. Visible noisture in the air is not necessary
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for this type icing, someti;nes mking it difficult for the pilot to believe unless
he is fully aware of this icing ef tect. he effect of throttle telry is a pro- <

gressive decline in the power delivered by the ergine. With a fixed pitch
ipropeller this is evidenced by a loss in ergine RFh ard a loss of altitude or '

airspeed unless the throttle is slowly advanced. With a constant speed tropeller,
there will normally be rn diange in RPM but the same decrease in airplane
performance will occur. A decrease in manifold pressure or exhaust gas
tenperature will occur before arry noticeable decrease in ergine ard airplane
performance. If these indications are rot noted by the pilot ard no corrective
action is taken, the decline in engine [Dwer Will {Xobably Continue progressively!

until it becomes necessary to retrim to maintain altitude; ard ergine twghness
will occur probably followd by backfiring. Beyond this stage, insufficient
power may be available to maintain flignt; ard emplete stoppage may occur,
especially if the throttle is noved abruptly.

Fuel Vacorization Ice - This icing condition usually occurs in con] unctionc.
with throttle iciry. It is nest prevelant with conventional tloat type
carburetors, ard to a lesser degree with gressure carburetors when the alr/ fuel
mixture reaches a freeziry temperature as a result of tne cooling of the mixture
durirg the expansion process tnat takes place between the carburetor ard ergine
manifold. This does not present a problem on systems W11ch inject fuel at a
location txtyond which the passages are kept warm by engine heat. hus the
injection of fuel directly into eacn cylinder, or air heattad by a superdiarger,
generally precludes such icirq. Vaporization iciry troy occur at temperatures fran
32' F. to as hign as 100* F. with a relative humidity of 50 percent or above.
Relative humidity relates the actual water vapor present to tnat which could be
present. Merefore, temperature largely determines the noximum amount of water
vapor air can hold. Since aviation heather reports normally inclucie air
temperature and aewpoint temperature, it is Enssible to relate the temperature -
dewpoint spread to relative humidity. as the sprea3 becomes less, relative
humidity increases ard becomes 100% when tenperature ard 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 and are in Entential icing (nrditions.
6. FUEL SYSTEM ICING.

!
Ice formation in the aircraft fuel system results from tne

presence of water in the fuel system. Eis water tray be undissolved or dissolved.
One cordition of undissolved water is entrained water unicn coruists of mirute

| water particles susperded in the fuel. his my occur as a result of meenanical
'

agitation of free water or mnversion of dissolved water through temperature;

reduction. Entrained water will settle out in time under static corditions and
may or may not be drained durirg normal servicing, deperding on the rate at wnich
it is converted to free water. In general, it is not likely that all entrained
water can ever be separated fran fuel under field conditions. he settlirg rate
deperds on a series of factors includirg temperature, quiescence and droplet size.

The droplet size will vary deperdirn upon the mechanics of formation.a.
Usually, tne particles are ao small as to be invisicle to the naimd eye, but in
extreme cases, can cause slight haziness in the fuel. Water in solution cannot be
removed except by deyhdration or by converting it through temperature reduction to
entrained, then to free water.
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b. Another cordition of undissolved water is free water mich may ce
introduced as a result of refueling or the settling of entrained eter that
collects at the bottom of a fuel tank. Free water is usually present in easily
detectable quantities at the bottom of the tank, separatea of a continuous
interface from the fuel above. Free water can be drained from a fuel tank througn
the sump drains Witch are provided for that purpose. Free water frozen on the
bottom of reservoirs, cuch as the fuel tanks ard fuel (11ter, inay render water
drains useless and can later melt releasing the water into the system trereby
causing engine malfunction or stoppage. It such a condition i:4 Atected, the
aircraft may be placed in a warm hangar to reestablish groper draining of t wece
reservoirs, ard all sumps and drains should be activated and dieckect prior to arryflying. Entrained water (i.e., water in salution with petroleum fuels)
constitutes, a relatively snall part of the total potential watet in a particular
system, the cuantity dissolved being dependent on fuel temperature ard tne
existing pressure and tne eter solubility characteristics of tne fuel. Entrained
water will freeze in colra fuel and terd to stay in suspension longer since the
specific gravity of ice is aFproximately the same as that of aviation gasoline.

Water in suspension may freeze ard form ice crystals of sufficient sizec.
such that fuel screens, strainers, and filters may be blocxed. Sone of tnis water
may be cooled furtner Wien the fuel enters carburetor air passages arn causes
carburetor metering cxynponent icing, when conditions are rot otnerwise conduciveto this form of icing.

7. PREVENTION PHOCEDURES. ,

Induction System Icirn - To prevent accidents due to irriucticn systema.

icire, the pilot should regularly use heat mder cordations knwn to be cxxsiucive
to atmospheric icing and te alert at aJ1 times for indications of scina in tJwfuel system. The following precautions ard procedures will terd to nduce the
likelihood of irduction system icinq problems:

(1) Periodically (neck the carburetor heat systems ard controls for
proper cordition and cperation.

(2) Start the engine with the carburetor neat control in the (DLD
position to avoid passible aaruge to the system and a fire hazard because of a
backfire W1ile starting.

(3) As a preflight item, check the carburetor heat effectiveness by
noting the power drop (when heat is applied) on runup.

(4) When the relative humidity is above 50 percent ard tne temperature isbelow 70* F., @ ply arburetor heat briefly immediately before taxeoff,
particularly with float type arburetors, to remove any ice wnten may have been
accunulated chring taxi arti runup. Generally, the use of carburetor heat for ,

taxiing is rot recommended because of Ecssible ingestion of foreign matter on sarne |

installations Wiich have the mfiltered air admitted witn tne control in the IDror ALTERNA'1E AIR p>sitions.

|
1

1

g Pe 6

A-4

|

|
i



, ,.

4

.

10/22/81 AC E -ll3

(5) Corduct takeoff without carburetor heat, unless extreme intake icirg
conditions are present.

(6) Remain alert for indications of irduction system icirg durirg takeof t
ard cliht, especially when the relative humidity is above 50 percent, or Wien
visible noisture is present in the atmosphere.

(7) With instrumentation sudi as carburetor or mixture temperature
gauges, partial heat should be used to keep Cne intake temperature in a safe
range. Without such instrumentation, full heat stould be used intermittently as
corsidered necessary

(8) If indtntion system ice is suspected of causing a pwer 1ms, aFply
full heat or alternate air. Ib not disturb the throttle tattil improvement is
noted. Expect a further pwer loss nomentarily ard tnen a rise in pwer as tne
ice is melted.

(9) If the ice persists after a period with full neat, gradually advance
the throttle to full power arxl climb at the maximum rate availaole to proauce as
much heat as pssible. Leaning with the mixture control will generally increase
the heat but should be used with caution as it may kill the ergine under
circumstances in W11ch a restart is impossible.

(10) Avoid clouds as nuch as pssible.

(11) As a last resort, and at tne risx of catastropnte ergine ciamage, a
severely iced engine may :nmetimes be relieved by inducity luckfiring with the
mixture control. 'Ihts is a critical procedure at best, soould rut be attempted
with supercharged ergines, and must be done with the cartoretor heat control in
the CXD position.

(12) Heat should he applied for a sturt tine to warm the iniuetion system
before beginning a prolonged descent witn tne ergine tnrottitx1 arti lef t on duriru
the descent. Power lever advancement siould be performed pertoalcally durtiu
descent to assure that pwer recovery can be acnieved. The ptiot stuulu te
prepared to turn heat ott after power is regained to resume level flignt or
initiate a go-around from an abandoned approach.

(13) The pilot should remember that irtuction system icirg is [Ussible,
particularly with float type carburetors, with temperatures as high as 100* F.
and the humidity as low as 50 percent. It is nore likely, however, with
tenperatures below 70* F. and the relative humidity aoove 8U percent. Tne
likelihood of icing increases as the temperature decreases (dcut to 32' F. ) aru as
the relative humidity increases.

(14) General - When no carburetor air or mixture temperature instrunwn-
tation is available, the general practice with xtaller ergines should be to use
full neat unenever carburetor heat is appliea. With higner wtput ergines,
however, especially those with supercnargers, discrimination in the use of heat

|
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snould be exercised tvecause of tne passible engine overheating and detonation
hazard involved. In the case of pressurized aircraf t, use of alternate or heated
carburetor air pay reoutre depressurization of tne passenoer campartment. ,4 pilot
of an airplane equipped with a carburetor air or mixture temperature gauge shoulo
make it a practice to rngulate his carburetor neat by reterence to this trutcator.
In any airplane, the excessive u;.,e of reat during full power operations, such as
takeoffs or eneroency uo-arounds, raay result in serious tatuction in tae pw
developed, as wil as tl*> hazard of ergthe damage. It emid te roted tiu
carburetor heat is rarely nemel for orief high wer m : rations.

b. Fuel System Icing. '1he use of anti-icing idditives for axne piston-etnine
p]wered aircraf t nas been approved as a means of prevent 1rvj problems witn water
and ice in aviation gasoline. Some laboratory ano flignt testing irdicated that
the use of hexylene glycol, certain rnethanol derivatives ard etnylene glycol
monometnyl ether (EutE) in small concentrations inhibit fuel system icity. Tnese
tests irdicate that the use of EGE at a maximJm 0.15% by volutte concentration
substantially inhibits fuel system icing trider trost operatirq cortiitions. Tne
concentration of additives in the fuel is critical. Marxed deterioration in
additive effectiveness cay result from too little or too much adaitive.

CAUTION: It strxJla be recognized that the anti-icity additive is in ro
way a substitute or replacement for carburetor heat. Strict adherence to
operatirg instructions involvina tne use of carburetor neat snould be

adhered to at all tirnes when cperatiry tricer atmospheric corditions
corducive to icing.

u. CONCUJSIQJS.

a. 'the evidence is clear that carburetor icity ard aviation uadoline f uel
system icing problerrs are preventui with proper use of alteratt carburetor at
heat and by goori housekeeping to eliminate water fron casoline and tie alteralt
fuel system.

b. Fuel anti-icing additivas have been found to have a beneticial etfect on

the prevention ot fuel system iclay3 wien properly blended in the fuel systems of
aircraft p3wered by reciprocating engines.

,

j Fuel anti-icing additives are rot effective in preventirg or raducingc.

I carburetor ice trider all cperatirg conditions ard are to substitute for tne
t necessity of carburetor heat or followiry prescribed flight marual cperatiry

procedures.
i

| d. 'lhe effects ard reccznmerdations descrired in this circular are general in
'

nature ard appropriate to rrost certificated airplanes. The pilot snoulc refer to
all available cperating instructions ard placards pertainirg to his airplane to
determine whe r any spacial consideration or procedures apply to its cperation.

M. C. Beard
Director of Airworthiness

6 Par 7

|
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APPENDIX B
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Bass, E. L. and Smith, M. , " Carburetor Icing," Shell Aviation News, 99, 1939, 19-23.
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Section, NACA-WR-E-12, October 1944.

Gardner, L., and Moon, G., Aircraft Carburetor Icing Studies, National Research
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Newman, R. L. , Carburetor Ice: A Review, Office of General Aviation-FAA,TR-
77-19, November 1977.

Newman, R. L. , Flight Test Results of the Use of Ethylene Glycol Monomethyl
Ether (EGME) As an Anti-Carburetor-Icing Fuel Additive FAA, TR-79-9, July 1979.

Obermayer, R. W. , and Roe, W. T. , A Study of Carburetor / Induction System Icing in
General Aviation Accidents, Manner System Sciences, NASA-CR-143835, March 1975.
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Richter, K. , " Carburetor Heat : How to Use it," AOPA Pilot, December, 1959.
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APPENDIX '
timtri Starts of 2mmtJ*

r

Eupplcmental Qpt Etttiitatt, #g '\ m
j Btpartment of'Cransportation ffdfral 901ation 3dministrarlen q

.

c/!)<md r SA489EA

.'/lu <<,//<,/a. un~/4 Alfred R. Puccinelli
DER l-145
36 Bay Drive East
Huntington, L.L New York 11743

e,,,y.a that/Aa <d.,nya en /Ar typ< a .o.ynf. / Arf.iL,~~ypn.An/n</A /A< 4~u/~4. u ~~,/u na.n. su
'

23/3;/27/6
/A<,ys e aa a,see.f e</ Arm n u.ars <Ar .nou.4,na.u yn,~~ans ./ $n' af /A, Federal Aviation /

, Civil Air
.H .4,4,,ay

~
.

/ '.y,n.,/.$,A.</ -. '/ypa /,'.,4jn .. A . l.. ,n /, ,

. ///, Normal. Utility and Acrobatic Category
, g,37 airplanes and helicopters equipped with engines

and carburetors as described below.
'/,s e,.44c n ,f. '/y,4, '/ ,s,y ,, /,4., ,,.f. Installat on of A.R.P. Industries, Inc. carburetor icei

detection system Models 107 AP-12 or 107AP-24 in single and twin engine aircraft and
single engine helicopters powered by Continental Franklin. and Lycomm type engin s
equipped with Marvel-Schebler M A-2, M A-1, M A-3SP A, M A-4. M A-4-5, M A-t and H A-6
series carburetors, in acenrdance with A.R.P. Industrics, Inc. Kit Parts 1.i<t 107 AP-12 nr
107 AP-24 dated November 14. 1978.

.
_/,,,n /.,4. ,a ., ~,/ ,, n,44, ,,., 'nis instrument i: approved as optional equipment only and/

| flight operations should not be predicated on its use. It is used as an early warning device
'

for detecting formation of carburetor ice in accordance with A.R.P. Flight Monual
Supplement 107 AP dated April 28,1967.

| This approval should not he extended to other specific airplanes of those mc.d,In on w'uch
| other previously approved modifications are incorporated unless it is determined that

(See STC Continuation Sheet Page 21
. 'si..a . . ,4j,. .- , ./iA. s y. . ,s. y ...,4, s... A , is,, i a f. , .yp ... x . A ,,n .p , . . ' , . . . . . . . ..

.. 4 n/ a. p, ,..,. ./ .. A. . / . . . . .. . .... .. 4. ,, .4.4 .a . sA, ,.u .., /..ia a. .n ., a , 4, ., . .. , sn.,; . ., , , .

.'s,i, /. 4. :. d i.......ai .i. ,,

' -'#-4 ~ ~ "/-/, / -/r/--'- ~ November 11,1966
'

. ,4 .y m- - ~ April 28,1967 .' /.4 ~ ~~ ~./,. < June 25,1068; June 11,1971,<-
,

! October 31 1975, November 20,1978
. /j adn<4. ~ ./ /A, d, /,; . u/~,4 ,-("C|p 'y

f 1.f' }",u ^' f o'$ S'.
" ** Isee.,a r ,

, -y +7 RA 'MOND J. BOROWSKII

.7 oi

g' 3 51
. Chief. Enuinen-ina A he:h,-toi.ing m m,.h
s

4'

t i rst,)

.A nn notte,u: ton of this crrtuttrate ush*nh.'r h ,a lune of amt encrednug $1.000 e r*,rfwssonment nor ,tcredong 3 sea,s. tn huth

P A G E 1 O F Z P AG E d "" """'' *" "'"' '' "**'/'""' '' * "'**'' ""' "" '' '',o...i,o....,
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Btpartmtat of Transportation-ftdtral 30iation 9dmiintration

8 Eupp cmental Epc Etttificatt
(Continuation Shttt)

'.(( /// (.y SA489EA

Dated amended: November 20,1978

Limitations and Conditions (cont.)

the interrelationship between this change and any of those other previously approved
modifications will introduce no adverse affect upon the airworthiness of that airplane /
helicopter.

NOTE: The Master Eligibility List of aircraf t models pr viously attache d to this STC
has be n deleted for admmistrative reas ms.

END

O

i

l
i

.

.

9
Any alteratton qf th;s cer:sfuate as pronishable by a fint of not tzrerdant $1.fM1, er a 4rts onwn! nnt cxtrehng .I prurs, er lovti-

F A A 9089h8 Sit %21 (16 60) *lh8B tttt*]h eld SRef0019e**}t9994 s* eftMles:vt en aik $',4fi .*] 4?
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# AIRPLANE FLIGdT MANUAL SUNIMMT
ARP INDUSTHIES INC. ICE DEfbC f0H

MODEL lO7AP-12 -24
107AP-R 12, hSTC No. SA 489 EA FAA APPRO D

W.Oleksak. Acting Chief,
Engineering & Manufacturing Branch

Date April 28,1967 Date April 28.1967

ARP ' INDUSTRIES INC.
Supplement to the applicable FAA approved Airplane Flight Manual for the install-
stion of Ca rburetor Ice Detector P/N lO7AP,-R
Warning; This instrument is approved as optional equipment only and flight ,oper-
ations should not be predicated on its use. Proceedures listed herein on the use
of carburetor heat are intended to supplement exisiting instructions.

GENERAL DESCRIPPION OF ICE DETECTOR SYSTEM
By means of a transisitorized electrical circuit a warning light is actuated by the
blockage of light rays by frost or ice between the radiation source and the probe
sensor in the carburetor. This . system is completely independent of temperature or
pressure changes which do not effect the operation of the detector in any way except
to melt away the frost or ics. In the absence of carburet r f rost or ice the warning
light automa tically deenergizes. #-

OPERATIONAL ADJUSTMLNTS AND INSTHUCTIONS

(a) Ground and flight sensitivity setting
Turn on the aircraf t master switch and set the detector circuit breaker if installed.
Turn on the detector power switch with the sensitivity set on O. The red warning
light will come on. Turn the sensitivity up slowly until the red light goes out. This
is the critical setting for ice detection and should be maintained at all times.

(b) Flight operation
After (a) above has been determined turn on the power switch and leave it on at all
times in flight. To test circuit turn off power switch then on. The red light will
flash on then off indicating all components are operating normally. If the red light
comes on automatically it indicates the initial formation of frost or ice in the carb-
uretor on the probe. Immediately apply carburetor hest ( to both engines in a twin-
engine airplane) until the red lighthas been removed from the carburetor.-Qs out automatically. This incientes the ice#1th a little experimentation with the scount
of heat applied it can be determined just how little heat is required to ke>p the
light out. This will result in more ef ficient engine operation under the exxaiting
atmospheric conditions. If the red light does not go out af ter approximately two min-
utes of heat application the cause may be due to too low a sensitivity setting. Turn
up the sensitivity slightly and the light will go out. If it does not go out contin-
ue to apply heat until it does go out.

A. R. P. INDUSTRIES, itK.
36 BAY DRWE E

HUNTINGION, N. Y.11743

.
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A.R.P. INDUSTRIr.J INC.
CARtURt.rOR ICu Lit.CrCR 105 AP-12-24

IddTALITrION IN.2rRUC N d #,

. A. R. P. :"'."' . !, C*C.
Ei . E.

HL;te r.L Y. IU43

. alte rnate position p,

f& [ ~

,

t _ i _.1 i- t : ? ''-

ta,

3g __1 ,e f O f 118eO; [Id=-
31e -

- *
U 3f,''* ~4 * 1ead,

0 Plugca..n - i

f3( 5 '

/ c% ~

' ? '

M ARVlL SCHlBLER/ IYPL MA 4
D

ng m

s

MARV L .CH..BL Jt TYPE MA 3
.

(4 cylinder engines)
,_

r

mas te r
master aw. I d

f# $ k sw

(
_ ,2t

beW -

-

e ntrol r A[
'

box cent ol
_

probe "

6 Ares ' probe=
-

clam P _

He Atr
4 CYLINDJ IN.aIALLATION.

6 OYLIND6R INSTALLATION

.
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...R.P. INDUSTRIES, INC.
36 BAY ORIVE E. * HUNTINGTON, N. Y.1174 TEL * 516 * HA 71585*

INSTaLLATICN IJ5ThUCTIONS

1. Remove or open up the engine cowling to allow access
to the engine. carburetor and firewall.

2. Remove the plug in the carouretor housing just be-
low the throttle valve. On 4 cylinder engines with Harve

,

i Schebler MA) carb. the plug dill . #1und on the for- ,- .

war.1 side. On 6 cylinder engines wi. a Marvel-Schebler.

MA4 carb. it is located on the rear.See page one for
these instructions. If the carburetor has not been drilAe
and tapped for this plug remove the carburetor from the , , . ,
engine and drill out the lead plug. Tap this hole .-

with a % x 28 tap. De careful to remove all burra and chips from the interior of
the carburetor.

3. Open the throttle valve wide and carefully screw in the ice detector urobe.
Care must be taken not to bend the probe components. Install the lock washer and a
proper number of shim washers so;ihat unen the probe is tightened the red dot on the
probe housing will face down tora 6ds the ground. This will position the probe face
into the carburetor air stream. The probe should be tightenend by hand as tight as
possible and then only % turn additional by 3/8" short t.andle ocen end wrench.This
is extremely important to prevent over-tightening which can over stress the threads
in the carburetor.

4 At this time the electrical circuit may be installed to check the operation of the
probe in the carburetor. The plus power red colored wire (thia may also be a olack
wire witn a fuse holder) must be connected to plus side of aircraf t electrical power.
This red wire is the newer wire from the instrument case and not the probe red wire.
In most aircraf t the electrical system is plus with tbe negative battery ost ground-
ed to the airframe. This means the plus power wire can be connected to the circuit
breaker or master switch. On aircraf t with a , positive 6round the power wire mast be
reversed so that plus meets plus. Be eure the -12 detectors ere instelled on 12 Volt
systems and the -24 on 24 Volt systems.

3. Connect the orobe connectors to the instrument case connertors ar.d cheen tne probe
op= ration as f g ows. Turn on the power switch.Tur1 the sensitivity coatrol up from 0
slowly to apprT to 8 or nore. The red light should come on at O and go out between 4
and 9. If this does not occur check the power supply and wires and conaectors. Je oure
the proper color wires f rom the probe are connected to the sa:e color wires of the in-
strument.

6. Disconnect the connectors and install carouretor on tne engine witu the probe in-
| stalled in the carburetor. Insert instrument cable thru firewall and replace fireproof
'

grommets or putty. Reconnect the connectors. Clamp the probe cable with Adel clasps
. e v e ry 12" t o t t.* carburetor and airscoop and engine mount. Be sure to clamp ze probe
cable to the carburetor so that there will be no caole movement at the probe due to
engine vibration. Allow at least 6 to 8 inches of slack between the clamping at the
carburetor and the engine mount to allow for movement of the engine on the mount. Tape
the connectors individually to prevent their touching and shorting out and to seal
out oil and dirt.

C-5
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..R.P. INDUSTRIES, INC.
.

36 BAY ORIVE E. * HUNTINGTON. N. Y.11743 TEL * $16 * HA 71383*

IUTALLA fI0d IdSfdUCTIods CO.ifIAUSD

.

7. Mount the instrument case.if it is the model lo5AP
or lO7AP,-RrM on the instrument panel in the standardo

3%" opening with 18-32 aluminum head (round) screws.
Also use lock washers. The lOSAP may be bracket d'~1=p

"
mounted in a remote area with the red warning
light positioned directly in front of the pilot (107AP-R) :rovided it is in
reach of the oilot for adjustment of the sensitivity control. If it 18 the
107aP the rear of the box may be removed and it may be att.icned to the panel
with ,# 10-j2 sc rews. nuts an,i luck warhers. Jr ana ll .% I' n luminum bra d eto muy
be installed on the sides of the rear sec ti vn to mount it in a re c tangular cut-
out in the panel. ig

The ice detector is now ready f or operational adjustcent.

OP .,hATIOd AL aDJUSTsiT

1. Turn on the aircraf t master switch. Jet tne circuit bre+xer if such is in-
stalled. Turn on the ice detector power switch. hith the sensitivity control
set on O the red licht will come on. furn the control up slowly until the red
light goer out. This is the setting for detecting frost .nd ice. The above is
done with the engine off and with a normally charged battery. For increseed
sensitivity to the initial formation of frost the above proceedure is repeated
in flight by the pilot af ter he has leveled off and nis enerator or alternator
charging rate has stabilised nowever this resetting is done only aben extreme
sensitivity is desired since the normal setting with the engine off affords at
least a 3 minute warning before the engine is ef fected py too much e rouretor ice. ;

.4
2. .o t-st the entire circuit and probe on the model 10)AP 'u :< h the cush to test*

button 'mitch with the dett e tor opera ting end the red licht . .u t . fue red li nt
vill flarh on end go out when the button is released indichtins all de tec t or com-
ponente a re oee rr.tiag sr ticf ac torily. The model 107Ad may oe te tedlan well as
tne 105AP) oy turning the power owitch of f tnen on during norcal o?- ration of
the ietector. The red light vill flash on then of f in.licc Lin; all e as .onesa ts b re )
ooers ting ca tisf actorily. Pushing the push to test uutton or turnin - tne po zer
sw tch off then on actuelly simulates ice on the probe.

3. .'he ice detectors should be turned on in fli,;nt et all times in air tempera tures
of 73 degrees of less.

1

1

4. Aith increasing time of operstion on the engine a sllcht film of feel residue
may form on tne oroce whicn may result in a slignt reduction of sensitivity at ,

the original setting when the detector is first i ste lled. This will oe observed '

when it is required to set th* sensitivity at an increa-in, r.1;n a e setting as time
goes on however the bacic sensitivit/ of the dete: tor is not re.luced unen edjusted i

as outlinad above. If the aensitivity must be tu:ned r.ll the oy u. to la the crcbe
l

mu t be removed for cleanin with a soft cloth and white ;n.oline, i
;

1
|

|
l

I
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APPENDIX D

RICHTER AERO EQUIPMENT, INCORPORATED SUPPLEMENTAL TYPE CERTIFICATE
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Btpartment of Transportation-ftdtral 90iation 9dnuntstration.

#5upplcmcatal Egpc Etttificatt
, ,
ser/t w r* Sgl.201

Eud 6 4.u /4 Kenneth I. Richtery
Richter Aero Equipment. Inc.
Essex, New York 12936

A 6s/Aa/dod**yonnJA*/p&ny tho|A +f,rmd.aJa./A/Ao4,utatu.o da,,ds ,,,dy

s !14 ,~j - 9 4 <yd/4.~,n-wed/4*M aus y~.~meaA,/ Neat 3 b31 ti, Civil Air /

Federal Aviation

&,,a/0m/a,t---.ha fa' df<atn l[m4-
Ial* See attached Engine Eligibility List th-
. //|d/

.

.8% # 4 O M N a0 O+

Instc.11ation of the Richter Aero Equipment Type B 4 or B-9 Temperature Probe
in Marvel Schebler Carburetor Mode Is MA-2, MA-h MA-3A, MA-3-SPA, HA 4,
MA-4-5, MA-5, MA-6, MA-6AA, and HA-6 naries and in Bendix Carburetor Models
NA-S3B and NA-03Al, in accordance with Richter Inc.tallat ion Bulletin No. 2
dated March 6, 1958, Bulletin No. 3 reviced July 26, 1999, and Bulletin
No. 4 dated June 28, 1061.

(See STC Continuation Sheet Page 2)
/A,u4.6.os <//| d4a.,&.'

l. Placard required on face of temperature gauges " Maintain at least 5 C
or 9 F above freer.ing during possible carburetor icing conditions."
Alternate Placard: " Keep needle out of yellow are during possible
carburetor icing conditions." Ta-

(See STC Continuation Sheet Page 2)

slia ud 6 4analthmyyed. y./alaadad s/Ao/.aafe yy ./da//~maa a,s a,$d n4/a.y

~,. 4-da.ys ,44 4de a ta m. .&. </at .s .tL .a as /4Jn/.!y ,X, .d&m ,t ,4 .;;b

.44 /.M .,4. .dsn.-atrax..
'

W ./.yy.x,,4..~ May 6, 1958 9-'5 - '

L .f - . May 6, 1958 h. ~-./,./ 7/7/59, 8/11/61, 3/11/65, 9/20/77
,

'

S < eu4s, afth.cd6nanu/~,4f ,"vi y

3;

' |' +
,, .,

V

, 'o.,'T s/ pALPHL. hah {
\ (3ss ..,,)

|

'S''" Chief. Brineerirsa 8, l'anufacturinr_ Branch
I Tetso I

| < sty alte,atnae of thu certsfstate ss punnhab|t bs c pne of not escre.1snt $1,000. er myts2. ament not . ur* beg 3 sea,s, s, beta,

rue an mo..si PAGE 1 0F 4 PAGES g,
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Btp3ftmtnt of Tf3R$portatIOR-ftdtT3190i3 tion 9dminif tT3 tion

#upp tmental Egpt Ecrtiitatt
(Continuation Ehtet)

IMM ff SEi-201
Date amended: September 20, 1977

Description of Type Design Change: (con.)

This installation includes the Wac Line Inc. FLDX-N20350 temperature
indicator as an alternate instrument in accordance with Richter wiring
Bulletin No. 5 dated March 1,165

Limitations and Conditions: (con.)W
~

2. This approval should not be extended to other specific engines of
these models on which other previously approved modifientions arc
ixcorporated unless it is determined that the inter-relationship
between this change and any of those other previously ar,, roved
modifications will ntroduce no adverse affect upon the airwcrthiness
of that engine.

ENGINE ELIGIBILITY LIST

AIRCOOLED M7FORS

FRANKLIN H0 DEL T. C. NO.

4AC-150 Series 194
" 2064AC-171

6A$.298 " 225
6ACT-298 " "

2y*6AL-315 "

2386A4-145 "

6A4-150 " "

6A4-165 " "

6AG4-185 " "

6A4-200 " "

6A8-215 242"

6V4-178 " 244
6V4-200 " "

6V4-335 " "

6VS-335-A " lE2
6VS-335-B " "

4A-235-B " EGEA

6V-350-A " E9EA
6v-350-B " "

Any alteranen af thss certnficate is punishable by a jne cf not exceeding $1,000, or im.srisorment nat er.erlang 3 stars. or both.

9AA vonen eussa itse*1 Tass ertsjke:s nup be usfe*alin aandame ma FAR 21.47.

PACE 2 oF k PAGES
B
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Bryartment of1[tansportation-fedtral 20iation 9dministration

#5uppkmental1Eggt Etttilicatt
(Continuation $h::t}

d DHL CF SE1-201
dateepended: September 20, 1977

ENGINE ELIGIBILITY LIST (con.)

AIRCOOLED MOTORS

FRANKLIN MODEL T. C. NO.

6A-350-C Series E9EA
" "

6A-350-D
E18EA6AS-350-A "

E24EA"2A-120

AVCO CORPORATION

LYCOMING MODEL T. C. NO.

0-145 Series 199 and 210
233"0-235

0-350 2?7"

228"
O-435

" "
00 435
O-290 229"

O-320 274"

0-340 277"

VO 435 279"

O-360 " (excl A1A, 286
C2B, C2D)

"HO-360-A1A only
1ElVO-360

"

E26EAT0-360 "

E26EALTO-360
"

295O-340
a

304VO-540-B&C
"

TVO-540-A1A 1E14

Qlteration of this verstpcate is punistaabte by a fne of not euedsnt $1,000, or imprisonm.*nt not ewed:nt 3 years, or both.
7Au cars,%r, ,y 6, srauf,,v,4 in ns.,4 .e, enwA FAR 11.v.FAA roni.e anas-e osaw

eacc 3 or 4 races
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Bepartmrnt of Transportation-ftdtral 90iation 9dministration

#5upp emental Eppt Etttificatt
(Eantinuatica Ehttt)

46??l C# sti-201.

Date amended: September 20, 1977

DIGINE ELIGIBILITT LIST (con.)

CONTINDITAL

HODEL T. C. NO.

A-50 Series' 190
A-65 " 205
A-75 213 M'"

A-80 " 217
C-75 233" *

C-85 " 233
C-115 236"

C-125 " "

E-165-2 only 246
E-185-2 only "

C-90 Series 252
i 0-200 " "
|

| C-145 253
"

o.3co n n

0-470-A E,J,K,L,R,S T,U only 273
GO-3OO Series 298

RANGER

W
MODEL T. C. NO.

6 440-C5 216

ROLII: ROYCE

MODEL T. C. NO.

RR C90 Series E3IN
RR O-300 E4IN"

RR O-240-A EllEU

E N D ..........

Aey alteratston of IFis certsfaata isfunnshable by ajne of not exceeding 11,000, or imprisonmer.t not escre,! sng 3 stars. or istk.
FAA FORM 81542-, H4498

IAas tarh/4als map is ase:fpred se assedfdart spelA FAN **l.f7.

PAGC 4or 4 ? AGES '
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SI!OILT FOllM INSTALLATION INSTitUCTIONS
TYPE n-5 CAllDUitETOlt Allt TEMPEllATUltE PILOHE

IIICIITElt AEllo EQUIPMENT, FSSEX, NEW YOltK U.S. A.
.

.

1 *iECIIIFFION OF INSTALIATION
As shown in Figure 1. Installation consists of:

(a) Mounting a temperature sensing probe (Richter Aero Equipment Model B-6)
in the throat of the carburetor.

(b) Mounting the carburetor temperature gauge on the shock mounted instrument
panel. Gauge must have placard on face below instrument scale reading as
follows: " Maintain at least 5'C or IP F above freezing during possible car-
buretor icing conditions."

,

(c) Electrically interconnecting the sensing probe and gauge with each other and
the aircraft electrical system.

'

2. WEIGIIT CilANGE
The installation of this instrument increases the empty weight of the airplane 1 lb.
There is no appreciable change in the empty center of gravity.

3. INSTALIATION INSTitUCTIONS
!

A., Installation of temperature sensing probe in late series Marvel Schebler MA-1,
MA4-5, and MA-G carburetors provided with factory-tapped hole:

(1) Unscrew threaded plug at position indicated by arrow.

| ((2) Using one only .018" Shakeproof washer, screw probe into hole.3) llook up wires per wiring diagram with Burndy connet tors furnished:
slide insulating Teflon tubing over connectors and secure as shown in

,

Fig. 5.

B. Installation of probe in carburetors not tapped at factory:
(1) Itemove ca&trctor.,

(2) Remove lead plug indicated by arrow in Fig. I by drilling out with 7/32"
drill. -

,

(3) To provide seat for temperature probe, counterbore boss surrounding
7/32" hole with a 7/16" counterbore (with 7/32" pilot)

(4) Thread 7/32" hole tvith a 1/4"-28 tap to receive the temperature probe.
(5) Screw temperature probe into tapped hole. Determine the thickness ofI

plain shim washer necessary in addition to the Shakeproof lock washer to'

prevent the end of the threaded portion of the temperature probe from,
protnading into the carburetor throat. (Fig. 3A, 3B). Either the .018 or
.030 Shakeproof washer may be used alone; but when a shim washer is
used there must be a Shakeproof between the shim washer and the Types
temperature probe. For additional spacing, the shim washer can have,

another Shakeproof between it and the carburetor. Only one shim washer
. can be used. Carburetor wall thickness will vary on individual carbure-

tora because of casting processes. No hard and fast rule in determining
the correct amount of spacer washers may be used.

g

.

(oVer)
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(6) Blow all chips and filings out of carburetor and air box, and re-install
, on engine.

(7) Hook up wires per wiring diagram, with Burndy connectors furnished;,

> slide insulating Teflon tubing ever connectors and secure with cord. (Refer
i to Fig. 5). '

I

I

I

: j..

I
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'Page1 Richter Aero l'quipment
F.ssex. New York U.S. A.

| Installatior stulletin No. 3
'

Dated: July * 6,11159.

INSTALLATION PROCEDURE FOR CAllBUllETOlt AIR TEMPEllATUllE PitollE TYPE B-5
This bulletin is in 7 parts covering installation and removal.

INSTALLATION INSTRUCTIONS:
Part 1. Mechanical Installation:

A. Carburetors provided with factory-tapped hole to accept B-5 probe: Marvel
Schebler nov furnishes some carburetors provided with a threaded brass
plug in a 1/4 x 28 tapped hole instead of filling this drill-access hole with a
lead plug.

,

(1) Unscrew threaded plug at position indicated by arrow..

(2) Using one only .01S Shakeproof washer, screw probe into hole.
! (3) llook up wires per wiring diagram with Burndy connectors furnished;,

slide insulating Teflon tubing over connectors and secure as shown in
Fig. 5

B. Carburetors not provided with factory-tapped hole: Adjacent to the butterfly

|
valve in all Marvel-Schebler Ma2, MA3, MA4 and Ma4-5 series carburetors
is a lead plug fillicg the access hole through which the idler jets were drillede
on the far side of the carburetor barrel. This lead plug fills a stepped hole in

I the aluminum casting. The wall of the carburetor is approximately 1/4" thick
at the boss in which this lead plug is inserted. These instructions describe a
procedure by which this plug is removed, the hole enlarged and threaded so

- that the Type B-5 probe can be securely mounted at a point adjacent to the

| butterfly valve where it will accurately measure the temperature of the fuel-
' air mixture and thes warn of impending danger due to throttle valve icing.

Step 1. Remove carburetor assembly from engine.
. Step 2. The Instillation kit for this unit includes a 7/lG" aircraft co mterhore, a 1/1 x L

28 tap, and a 7/32 drill. Suppot t the carburetor firnily imder a drill press.
and drill out the lead plug with the 7/32 drill. Drill slowh or limit thedrill.

f travel so the drill does not break through and plunge into the valve. it h.is been
*

found helpful to put :n sm.11 amount of putiv over the inner enil of the lead ,ilug
| j to krep metal chips out of the carburetor, if the drill does not go through the
l putiy the problem of removing chips is simplified.
'

Step 3 The counterbure pilot is inserted into the new hole, anil the counterhore is
then used lightly to create a flat surface at the outside of the hole. The funet, ion,

of the flat, which should be square with the hole, is to provide a hieking sur-
face for lock-washer betwcu the carburetor and the probe.

Step.4 Lubricate the 1/4 x W tap and tap out the hole.
Step 5. Carefully remove all chips and metal shavings from the inside of the carbu-

retor.
Step 6. Apply thread lubricant to threaded portion of Type B-5 probe.
Step 7. Screw the Tyr,e B-5 probe into the hole and note whether a portion of the

threaded length protrudes into the inner barrel of the carburetor.
Step 8. Remove the Type B-5 probe, and select from the special Shakeproef and flat

spacing washers furnished a combination which will make the small diameter
end of the probe start flush with the wall of the inner barrel of the carburetor.
See drawing #3. The lock washers furnished should not be used stacked, that.

is, two at a time in this installation. Only one spacing washer can he used,e

and should be adjace it to the carburetor casting, with the lock washer adia-
cent to the locidng flat on the Type B-5 probe. If necessary, lock washers
can be used on both sides of the flat washer. If the probe does not reach all

t, the way into the carburetor barrel, the counterbore can be used again to re-'

duce the thickness of the casting s18ghtly at the outside of the nole.

I D-7
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i

Part 2. ELECTRICAL WIRING INSTALIATION:
A. The most suitable gauge to be used in conjunction with the Type B-5 probe.

is a modified C-11 instrument, furnished in the complete kit supplied by
Richter Aero Equipment. This is a bridge-type gauge of execlient construc-
tion, with the balancing resistance coils slightly changed to expand the
scale in the vicinity of 0 C. This makes it easier to see tpc 5 C. 8 pacing
than on other gauges on which the separation of the gradt.ations in the vi-
,cinity of 0 C. are difficult to discern readily. This gauge is furnished
with appropriately colored segments to aid in instant reading. The re-
, quired placard is furnished attached to the gauge as required by STC-SE
:1-201

B. Utilization with AN instruments. The resistance characteristics of the
Richter Aero Equipment Type B-5 probe duplicate those of the AN 5525-1
and AN 5525-2 probes, having a resistance of 90.3S ohms at 0 degrees
Centigrade or 32 degrees Fahrenheit. The B-5 probe can therefore be used
for erburetor air temper .ture indication with any of the AN gauges de-
signed to operate with the AN 5525-1 or AN 5525-2 probes. It is mandatory
according to STC SE 1-201 that any gauge used must be placarded " blain-
tain at least 5* C or 3* F above freezing during possible carburetor icing
conditions." The AN gauges that can he used, when placarded, in conjune-
tion with the Richter Aero Equipment Type B-5 probe are as follows:
AN-5790-G Single electric thermometer indicator 12 or 21 volt Range -70'C

to +150'C 2 3/8" diameter requires 4 pin AN310G-11S-2S connector.
, AN-5795-G Dual electric thermometer indicator 12 or 24 volt. Itange -70*C

to +150* C 31/4" diameter. Itequircq G pin AN310G-14S-5S connector.'

C-10 Single electric thermometer indicator 12 or 2I volt. Range -50'C to
+50* C 31/4" diameter. Requires 4 pin AN3106-1IS-2S connector.,

Dial mtrked " Free Air" must be placarded " Carburetor Air"'

C-11 Single electric thermometer indicator 21 volt.11ange 45' C to +15* C
2 3/8" diameter. Requires 3 pin AN3106-145-IS connector. Dial

|
markcd " Free Air" must be placarded " Carburetor Air"

C-12 Sing!c clectric thermometer indicator 12 voll. Itange -45-C to A15' C'

2 3/8" diameter. Requires 3 pin AN3106-14S-IS connector. Dial
marked " Free Air" must be placarded " Carburetor Air"

F-8 Single electric thermometer indicator 21 volt. Range -45' C to "15* C
2 3/8" diameter. Requires 3 pin AN3106-14S-IS connector. Dial
marked "Carb. Temp. hIlxt."

F-9 Single electric thermometer indicator 12 volt. Range -45" C to +15* Cl

2 3/8" diameter. Requires 3 pin AN310G-14S-IS connector. Dial
| ;

!
marked "Carb. Temp. A11xt."

F-10 Dual electric thermometer indicator 24 volt. Range -45' C to +45* C
l 31/4" diameter. Requires 4 pin AN3106-14S-2S connector. Dial

marked "Carb. Temp. hilxt."'
i

l The use of milliameter-type gauges, such as the Weston G02 and GOG
series is not recommended. This construction is sensitive to changes
in the electrical system voltage. Tests have shown that a milliameter-

| ' type gauge will read 10* C higher on 12V than at 14V, so if generator
' or regulator fails, the temperature indication will be hazardously in-

accurate. Bridge type gauges will indicate accurately with 1* C with
only 2 volts in the system.j

Step 1 ~ hiake up a cable to connect probe with gauge unit in instrument panel. Air-
craft quality wire with a minimum gauge of 18 A.W.G. (.04"). well insu-
lated, should be used. For installations requiring runs of more than ten fect,

i
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a minonmn on No. 16 t.oal"i shinihl ne used. The cable n di c.uinist of
two condne: n. an.1 wdl terniinate .it the t'anr,c en.1 in the .ippropriate
AN or lug conocetor to lit the indicator unit selected. At the end mitae-
ent to the prohc. cach wire will lu terminated with the Iturndy Y7.11-Il
Clasps furnished. These are installeil with the appropriate indenting tool,
care twing taken to make the indentation on the opposite side of the con-
nector from the scam. The insulation grip is then clamped down. The
cable shouhl be of ample length to reach from its terminus adjacent to

; the carburetor, via a grommeted aperture in the firewall to the terminal
at the instrument. Some installers prefer to rig the engine side first,
leaving excess wire at the panel which can be cut to length when the gauge
is in place.

Step 2. Connect cable to Type B-5 probe clamps and slide Teflon insulating tubing
over connections. A slight tug on the wires will make the locking feature of
these cable clamps operative. Plastic electrical tape, cord, or safety wire
should be w>und around the wire and tubing at each end of the tubing to pre-
vent the tubing from sliding off the connectors.

Step 3 The cable should be routed out of hot areas and should be supported so there
is no excessive whip or vibration from the engine. Allow generous slack
from the probe to the first support so that engine motion will not draw the

' wires tight. The wires leading into the probe are specially flexible to allow
for vibration.

i Step 4 ' Draw free ends of cable through grommet in firewall. This can usually bc
I an existing hole through which other wires are already routed. If a new
hole is recluired. It should be of minimum possible diameter and should be

i provided with a firoproof grommet to prevent chafing and cutting the insu-
lation on the wires. Itoute the cable, with appropriate supportn, to the
panel space provided for the gauge. De sure that the cable does not and

, cannot affect the freedom of travel of controls behind the panel.
.

Step 5 ' Attach free ends of cable to connector appropriate to instrument being used.
| Itefer to attached wiring diagram for connections. which will depend on vol-

. tage, model of instrument. and number of engines. Connection to the air-
' craft electrical system should he made through ? to 5 ampere fuse oc 5

ampere trip-free circuit breaker.
!

Step 6. . Install gauge in panel cutout, attach connector to gauge. Test. Note: if
' the Type B-5 probe is being installed to replace another type of probe

such as the AN5525, and the gauge already installed has colored limit
markings, these markings should be changed to suit the more accurate
readings made possible by the Type B-5 probe. The range between,

-4' F (-20' C) and 40* F (+5* C can be marked with an orange arc.

B. Utilization with Canadian instruments made by Sutton Horsley, Steps 1-4.
Identical to above.

Step 5. Attach free ends of cable to connector appropria!c to instrument being used.
Refer to attached wiring diagram for connections, which are different on
certain Canadian .nade indicators. Those made by Sutton-11orsley will be
cor.nected according to the diagrams so labeled.

Step 6 Identical to above

| D-9
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i Page 4 cont'd. hastallation ltolletin No. 3

I

Part 3. GROUND TEST
A. The type B .* probe, properly installed, should permit temperature read-

ings within one degree Centigrade.
Step 1 After installation of tbc complete system, with the engine still cold, the

master switch should be turned on. The gauge should immediately reg-
later a temperature at or very near the prevailing outside temperature.
(A Fahrenheit-Centrigrade scale is included on one drawing for your
convenience). This will vary if the carburetor is for any reason ap-
preciably warmer or colder than the surrounding air. If the gauge reg-
isters much higher than the surrounding air, either there is a defective
connection or wire introducing added resistance, or the gauge or probe

; ,is defective. If the gauge registers much lower than the surrounding air,
there is a short circuit either in the probe, the cable, or the gauge, or
power is not reaching the system.

Step 2. In the event that the gauge readings vary sulistantially from outside air
temperature, the gauge unit can be checked with another probe if avail-
able or with a 100 ohm precision resistor in place of the probe resis-
tance. With the 100 ohm resistor the gauge should read approximately

| 27.5 degrees Centigrade or 81 degrees Fahrenheit. The probe may be
checked on a Wheatstone bridge or precision ohm meter. It should have
a resistance of 90.38 ohms at 0 degrees Centigrade or 32 degrees Fah-

' renheit. if it is inconvenient to test the probe at freezing, it may be
tested at room temperature. The probe should read 97.31 ohms at 20
degrecs Cer*8 grade or 68 degrees Fahrenheit. With a difference of .35

i ohm acom temperature test level; that is, if the room temivrature is.
' say, 5 degrees Fahrenheit less than 68 degrees Fahrenheit, then the
J resistance of the probe will be lower b) 5 x .2 ohms; 97.31 - 1.00, ar
# 96.31 ohms, at 63 degrees Fahrenheil.

Step 3. The engine should be started and the gauge observed during idling. There
should he only a small change (usually a drop) in indicated tcmperature8

| during idling. If the fuel supply is colder or warmer than the surroundirg
; air temperature, this will be reflected in the reading.

Step 4 The engine should be run up to cruise RPM at which time the gauge should
indicate a temperature drop in the carburetor of approximately 15 degrees

'
Centigrade or 2G degrees Fahrenheit. This will vary with different con-

| figurations of intake systems and the amount of manifold pressure which in
; turn controls the rate of expansion of the gas-air mixture in the carburetor.

Part 4 SERVICE LIFE OF TYPE B-5 TEMPERATURE SENSING PROBE:
The Richter Aero Equipment Type B-5 Carburetor Temperature Probe is
guaranteed for one year from date of purchase or 500 hours of operation,.

whichever comes first. It should be replaced when the wire leads fray at
the point where they enter the potting compound at the outer end of the
brass shell, or when damaged mechanically or electrically by accident.
Otherwise it should remain serviceable as long as it reads co ectly.

Part5 LIMITATIONS OF THE TYPE B-5 TEMPERATURE SENSING PROBE:
A. Electrical

The resistane, characteristics of the sensing coil inside the tip of the unit
- have been made to correspond as nearly ac possible to the AN scale. The

special small wire that makes possible the very reduced size of the Type

D-10
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Page 5 coat'd. Installation lintletin No. 3
i
D-5 probe has a resistance curve which matches the AN specifications ex-
actly at 0 degrees Centigrade, and is accurate to within I degree Centigrade
in the range from -15 degrecs Centigrade to +15 degrees Centigrade (5 de-
grees to SD degrees Fahrenheit). Above and below these figures the resis-
'tance curve of the Type 11-5 deviates gradually from the AN eurve, giving an
| error of -3 degrecs Contigrade at 38 degrecs Centigrade: that is, for an
actual temperature of 38 degrees Centigrade an AN indicator used with the

| Type B-5 probe willindicate 05 degrees Centigrade. For the purpose for
. which the Type B-5 probe is intended, the measurement of carburetor air .

I emperature, this error is of no real consequence. The important point ist
that the Type B-5 probe will sense the freezing point and its vicinity with

i greater accuracy than most airborne meters will indicate.
IB. Mechanical

The materials used in the construction of the Type n-5 probe are the best
obtainable and will successfully resist the effects of oil, water and gaso-
line, and heat and cold ranging from -104 degrees Centigrade to +200 de-
grees Centigrade (approximately -150 degrees Fahrenheit to 6100 degrecs
Fahrenheit). The sensing coil is encapsulated in epmy resin in a shcIl
whose walls are .01G thick, sufficient to resist :epealed back-fires, but

; thin enough to give nearly instant sensitivity to tempeiature change. Pliers
should not be used on this more delicate probe end, but the rest of the unit
can stand any normal handling. Tensile tests have shown that the lead-its

' wires require a pull of at least 90 pounds to pull them out of the shell.
Since the combined tensile strength of the two lead-in wires is 100 pounds,
the only possibility of strain trouble here is if insufficient slack is allowed
between the probe and the first support of the wires.

g

g art 6. RECOMMENDED OPEltATING INSTILL'CTIONS FOlt USEP
A. It would be prudent for the pilot to determine his own operating procedure

and limits on the basis of information obtained with his own plane under
known carburetor icing conditions. A test procedure is described in Sec-
tion B of Part G of these instructions. Airline flight engineer's manuals call;

j for "the application of carburetor heat to an indleated level of ?0 degrees
!

. Centigrade above freezing 3 minutes before entering visible moisture".
| Since most commercial aircraft are not provided with sensing prebes as

critically placed as the small size of the Type 11-5 probe enables it to be,
i

an approximate assumption of a 15 degree Centigrade (26 degree Fahren-
l heit) temperature drop suust be made by the flight engineer or pilot of most
I models of transport aircraft. This means that standard practice actually

, amounts to carrying approximately 5 degrees Centigrade (9 degrees Fah-
renheit) of heat above freezing as measured at the throttle valve, which is

,

'
. the most critical piint. In practice we have found it sufficient to carry 5
| degrecs Centigrade of indicated heat above freezing under all but the most
i

| extraordinary conditions, such as might be encountered in a situation where
,

the outside air temperature would be subject to suddenly ext? cme variation,'

or extreme icing conditions 1'.ven under these circumstances if the pilot
remains alert, he should be able to apply more heat and thus keep ahead of
the situation. Constant monitoring of the gauge is required during posstble
icing conditions. Induction system icing can occur at several points, Fuct;

lines, pump, or screens can be blocked if there is water in the fuel and it
freezes. The intake screen can become blocked with frozen moisture,
either in the form of sleet or heavy snow. Elbows where the air box ar.gles
sharply can be rammed full of incident ice. And most ecmmonly, the throt-
tic valve can accumulate a rim of lee which, if allowed to develop unchecked,

I

D-ll



_ .

^
ty
t *j

.

.

i

Page 6 cont'd. Installation Bulletin No. 3
'

wil1 eventm.tly grow to join a deposit which usually forms first on the wall
of the carburetor barrel adjacent to the throttle valve, exactly at the point
where the Type-5 probe is located. The alternate air supply via the car-
buretor heater will enable continued operation of the engine even when the
intake screen is blocked, but if the obstruction at the throttle valve grows
large enough to cut off much of the air supply, no :dternate source is avail-
able, and engine failure will result. Experiments indicate that humidity is
the controlling factor in the rate cf icing. Therefore, the more humid the
air, the more rapid the icing.
Attention is directed to Aviation Safety Releases Nos. IG3, 201 and 338
concerning idling failure due in,part to carburetor icing. Prudent use of the
temperature information furniched by the Type B-5 probe should enable the
average pilot to fly with greater security and econcmy, since full carbur-
etor heat with its associated loss of power and performance will be required
far less frequently, it will also furnish an immediate clue to the trouble if
carburetor ice is responsible fer a faltering engine. Since fuel induction
systera icing is the largest single cause of engine failure in light aircraft,
the Type B-5 probe, properly used. should help to climinate an important
percentage of trouble from this source.
A collateral benefit derived from the use of information provided by the
. Type B-5 probe has come to light as a result of complaints about plug foul-
ing in higher compression engines. A major spark plug manufacturce has
found that Icad deposits on the phigs in engines using higher octane gano-
line are usually the reault of inadequate volatilization of the antiknock com-

! pounds used to raise the octane rating ol' the fuel. Most such fuels coniaintetraethyl lead, which if allowed to burn without an inhibitar, wouhl form
metallic lead oxide. Therefore another subc.tance, ethylene dibromide, is

| added to the fuel along with the tetraethyl lead. The comimstion product is
lead bromide, a line powder which is readily blown out the exhaust system.
But gasoline has a lower vaporization temperature than ethylene dibromide,

, which in turn vaporizes more readily than tetraethyl lead. So if the mixture
is too cold in the carburetor to vaporize all the fuel components properly.t

' the tetracthyl lead may be concentrated in only a part of the engine, in the
| form of large, heavy droplets, an I imasibly separated from its inhibiting

ethylene dibromide. During combustion, therefoce, lead oxide may be form-
ed. This lands on the lowest point in the cylinder, the lower plugs, which
then foul out. To avoid this, it has been found that warming the fuel-air
mixture in the carburetor will aid the volatilization of all the fuel elements

I together. Experiments have shown that an indicated temperature of about 5'C
(9'F) above freezing measured at the throttle valve will assure proper vola-i

tilization, increasing plug life and engine reliability. Leaning the mixture to
compensate for the slight richening due to heated carburetor air should re-
sult in fuel economy equal to or even better than that experienced when fuct,

is mixed with very cold air. This applies to cruise power conditions. For
maximum power, the densest available, hence coldest, air is required.

, B. Pilot In-Flight Test Procedure:
Pick a day or a flight level of known carburetor icing conditions 50 to SS
degrecs Fahrenheit (10 to 15 degrees Centigrade) with Co"o or higher humidity
is ideal. An engine is allowed to pick up carburetor ice at cruise RPA1 until
the manifold pressure shows a drop of 1 inch or, on plancs not eculpped with
manifold pressure gauqcs or constant speed propellers, the RPM drops 50
below normal in level flight. The carburetor heat control is then pulled on
part way until the indicated temperature is plus 10 degrees Centigrade (50

a
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Page 7 cont'd. ! Installation Itulletin No.1
|

degrecs Fahrenheit). Engine performant e should return to normal within 5 M
3 seconds. The carburetor can then he illowed to begin to ice again, mal heat
to the extent of 5 degrees Centigrade ala.vc freezing tried, if the engine clears
promptly, the procedure should be repeated a degree lower each time until the
engine no longer returns promptly to normal performance. This procedure
should be followed separately for each engine, and it would be well to check
at various power settings. Ily following this procedure the pilot will become
familiar with the reading of the gauge under actual carburetor icing conditions
and can establish his own operating margin. The final reading for the freeze
point may in some cases be higher orlower than 0 degreen Centigrade 612
degrecs Fahrenheit) depending principally on the configuration of the fuct in-
take system. But once the freeze point has been established, the pilot will
have immediate information available concerning the risk of freezing temp-
erature at the throttic valve, the point in the fuct induction system most
likely to be affected.

.- p C. Value and Limitations of Temperature information provided by the Type B-5
probe:
The indication does not supply information concerning the presence of suffic-*

lent moisture to form ice. This must still be judged by the pilot. Dew point
f indications given by air weather stations are a fair indicator of moisture in '

the air. The closer the dew point to the reported temperature, the higher
the humidity. On the other hand it is quito possihic to fly ice-free with temp-

,

erature 30 to 50 degrecs below freczing. Ice formation in carburetors seems
to give its principal trouble at or near the actual freezing point, where mois-
ture, condensing on cohl metal, begins to build up a deposit, usually 8 tarting

| adjacent tu the throttle valve exactiv where the Type 11-5 probe is located.
I.aborators experiments have shown that under cointitions of loo? humidity,1

ice will accumulate in the carburt for at temperatures from frecting down to'

I lb*F (-8'C), possibly lower, as measure I at the throttle valve. At lowee temp-
cratures moisture will be precipitated out of the air in the form of harmless
crystals by the refrigerating effect of the expansion of the gas-air mixture in-

|
to the manifold, it is this exp:msion - refrir,cration effect that manufactnres
carburetor ice from moist air, so the pilot immt 'he alert to ki ep the carbure-i

tor heat level above freezing during conihtiem of high humidity, if alhmed
I through oversight to drop a degree or two below freezing. the partial use of

carburetor heat couhl bring about exactly the kind of icing trouble this instal-*

lation has been designed to avoid.
I

Part 7. REMOVAL INSTRUCTIONS
A. Mechanical and electrical

Step 1. With master switch OFF, unwind tapes or safety wires from insulating tub-
ing over clamp connectors.

Step 2. Slide tubing back away from clamps and disconnect.

Step 3. Unscrew Type n-5 probe from carburetor. Carburetor need not be removed
from engine.

. Step 4. Insert 1/4 x 28 plug in hole in carburetor. This plug should have a shoulder
on the outer end to prevent its falling into the carburetor in flight. A I/4 x'
28 bolt, fully threaded, cut to 1/1 inch length would make a suitabic plug.
It should be cither safety-wired or he furnished v.ith a 5,ck washer an it-

will not come out. Preferably it should just reach the inner barrel so as toI

leave a smooth contour on the ins!de of the carburetor. The plug should noti,
project even slightly into the airstream. It does no harm to make the plug a
little short, as a small depression at the hole will not atfcct fule distribution.

D-13
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Inalallation Itulletin Net. :IPani H cont'al.

'

#

i Step 5. (lisconnetI wiring froin the buri.

Step G. If entire system 18 being removcil, ilisconnect and remove gauge, remove
cabic through grommet. Plug hole if required,

f
Step 7. If system is temporarily disconnected for replacement of either probe or

gauge, disconnect power supply wire from the bus and PLACARD GAUGE:
"Not Operating".

I
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INSTALLATION OF RICHTER AERO EQUIPMENT TYPE B-5 PROBE

! iN Mt9Vtt-SCHEBLER CARBURETORS
!
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TEST #1 RUN #5 MANIFOLD PRESSURE VS TIME ,
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TEST #1 RllN #5 IIH.E .lKT PRESSl!RE VS TIMM
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TEST #1 RUN #5 LOWER THROTTLE Tl91P VS TIME
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TEST #1 RUN #5 #1 METAL TEMP VS TIME
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APPENDIX G.

CARBURETOR ICE WARNING DEVICES

a. Charles B. Shivers, Jr.
8928 Valleybrook Road
Birmingham, Alabama 35206
(telephone 205-833-7968)

This device is a carburetor modification to the throttle plate and accompanied with
i a cockpit indicator to provide warding of ice accumulation.

b. Boldnor Electronics<

*

Boldnor Fara
Nr. Yarmouth, I.O.W. England
(telephone 098-376-0268)

This device is a thin metal plate positioned between carburetor and induction mani-
fold and accompanied with a cockpit indicator to provide warning of ice
accumulation.

c. Dataproducts
New England, Inc.
Barnes Park North
Wallingford, Connecticut 06492
(telephone 203-265-7151)

This device is still under development, however, it will be a throttle plate
mounted ice detector accompanied with a cockpit indicator to provide warning of ice
accumulation.

d. A.R.P. Industries, Inc.
36 Bay Drive East
Huntington long Island, New York 11743-

(tdlephone 516-427-1585)

This device is a small light radiation source with a light sensor attached, all of
which mounts in an existing 1/4-inch hole located in the carburetor venturi area.

The light sensor connects via electric circuit to a cockpit mounted warning light,
sensistivity control and optional warning horn.

e. Richter Aero Equipment, Inc.
15194G Ridge Road
Essex, New York 12936
(telephone 518-963-7080)

This device is a small wire sensing coil of known resistance characteristics which
change with tempera ture. The sensing coil mounts in an existing 1/4-inch hole

i located in carburetor venturi area. Attached to the coil via electric circuit is
a cockpit mounted air temperature gage with color warning area and placard.
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The usual range of ambient temperatures at'which' fuel icirig'may be [p a, p.:'K '
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( | expected to occur is bo* F. to 80* F., althou$h the upper limit asy ' .j ; e 1
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Two' typical light-plane installations were tested, ose with a ** "
4 .u s . ,. .
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YM: float-type carburetor, the other with a pressure-type carburetor. e
With the first, serious icing occurred up to carbureter air tem- - M*k'

peratures of 62*, 63*, and 93* F., and the lower limits of relative Y- %.~ .*

htmidity of 80, 60, and 30 Percent, for high-cruise, low-cruise, and '

i ..-f+ <

i - glide-power conditions, respectively. With the pressure-type car- .[, ' "

'ouretor installation, the results were serious icing between carbur-
, , 'y,

stor air temperatures q' 48' F. and 55' F. with relative humidity
! fztxa 90 percent to 100 pcraent'at low-cruisc power, ard up to ap- . f;,J' N y)y

.c , gi,
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; .proxinately 75* F. with relative h:saidity greater than 32 percent at> ~

a1g.pt
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I
f #_ . glide power. 50 serious icing occurred at the high-cruise power
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W: .h" Carburetor e.ir beaters in mall aircraft are usually of the * exhaust
,

*

.

,
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r pipe cuff type. The avhanat-heated air is ' directed into the carburetor .
;; C $yW

| air duct as' desired, so that wit'n full carburstor: beat the normal air duct;

is essentially | closed off at .the carburetor beat valve-location,. g -., - g.1',;g ,

".h.' ? . ~ q Q * .4%% ?K ~_W M.y , ha
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' ItJshohL1 be realised that partial. carburetor beat can be worse then . 4,A f $,M*

y
~ ~'. ' .none at all under certain conditions., For example, the fuel / air mixture.f _ u, , q''i
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temperature might be ati20' F.,'vith no beat} applied,;vhich normally would t( *-E
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f. .

not be so. conducive to' ice-forming as if the temperatuzw were brought up .

i.E* f
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| pected to raise the tepperature out of the icing range en';1 rely. , be ex- ; K : g.:,7j
to 30' F., by reans of partial beat. Full heat, of course, could

*
At least .f. 4|
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| t, ,, 1, with the smaller engine inctalhtions. when there is no carburetor air . . . . g*....g ,f
- temperature or fuel-air mixture temperature instrumentst. ion, the general

, ' t
,

~

, v ', . ' '-? rule should be to use full heat..whenever any^ carburetor beat is applied.
1 With the hig!cr output engines and those employing superchstgere, more

j i, y discretionary use of full beat. should be practiced because of the .overbeat - e , "' W A
~ ~. i '.yf i and detonation basard'.f. Temperature instrunentatica should be installed as ' , .
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;M. the imprtance of guardir.g against undue' raeruse. should be recognized.- This >' v.
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recult when carburetor heatJraises induction air, temperature. For example,. g;y '. ' , ,2
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i b From the abo;*., it can readily be seen that fewtion temperature ~^th.

j instrumentstion serves not only to assist the acti-icing effort, but also jy.
.

.

; . !. to protect the engine. from overheat danage. .
, .; .; .
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, . . . c#[ Appraisal of Carburetor' Icing Potential .f-
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- Cognizance of the prevailing humidity is basic to the important . -;
. . ' , awareness 'of the possible carburetor icir.g basard. Even though relative G'

, L (, humidity is less than 50 percent at tabeoff, one cannot be empletely ;$ .j,:;?
't confident that be will.not encounter. a . dra.or icing atmosphert scene .- . ;jf

. tizoe'during his flight.1 Whenever the pilot'has reason to suspect high or Jf.,. .

, & marginal h-Wty, be. should utilize the, best means ain'1mhlm to maintain cy ; .M [,
,,

.?'~- J cognizance of. prevailing humidity levels,-N.-p, ..
;u .> . M ,. , ' 'N-

.. ;c , y .y,] . ., t &,SQ. . .

+ . !. s. r.; r . G W ..: { .,;::7 .' & %.. M .: .

~

1. ~ ;" When the aircraft 'is equipped with. induction tasperature instrumentation, ~',@y
:

s .c, ,e','

p Operatiocal Indiestors of Carburetor' Ice f,.79*g..w ..Tf.,w;.~c. '..J,i. Jw; ').
. Q 3.'?. g.g

.c .

humidity. level _ awareness''isi somt wbat ,less esse'Jtial. .; f g i .
i-

.

, ." .:.. . . f. ,::C. ;,n a .:- Q'mc .s. : >%. , . .d. .. .K. c.;V d W S. c s::-; ;U. . :. .. |

-yy M br+ Q-Q ^Q'd*. ';|.? y-fy..['.pt .' '. . ,.2 .cj . w 1M..
wa.,, .

. .. .

g.", ;,g, .v
. -: ,. m.

' . '. :
~.
'.-4,

1 . W . *' - |G::=.G,? ': Y a ,.P. . w p-g. ., p .. t->..y
k. S:: 4 y."f. ;, d,, Carburetor; ice 'abould' be cor sidered h==Mataly as the possible cause~ Tc,M,.%

,.

h)..J, -| , i Le| [ of .a powe'r' loss.'? E1thTa fixed pitch" propeller,installatice', a power-loss . (.$ . -4 - '.]
.

.

.g< Q.* ..Pobviousif is indicatediby an engine speed redaction. - When there'is a mani'-J'.-
.

. c.k;.r '% ; along with.the engice speed, reductiori.1With ,a ecostant;cpeed propeller .j-J{pM'0 ffold pressure smes. picridedy a.' reduction in'annifold pressurs would show up ; ::r' .-]?
.

;
. ..

fy[y _ . 4 (a J. * installation,, however, only;the mar.ifold pressure v 3uld be ' decreased..

,

,.

fJ. *wW;h~

0,',y w m..w....~..;.e m wx w.7u.w. h.p Wn%>.x..
W e.i'. " ''Acethir 'vsyTan iced carbumNr condit.cn 'might be' first noted is through'| -], j

c. .
~ cw0 W

17,y% '.42 developenent'ofea slight'nosodows attitudeiv' Upon-trim adjustsent to level %. A ".C
.

7 flignt, ang er41ny speed reduction might then_be. coted, again assuming a

, ' .f,d 9e
fi ,yM~'$M fixed,pitchjhpe11eryEf':$U''i-j@.i*f?gJ,'fg.:v;Q jg. 3,qi.. ' . f.Ij.T.4 R %;;W :WM&fgM% Tf

Sk p$[soeo.'ceses,.y; an iced (carburetor'gy.&M'mm:.R ' %~94 M
'

- Ficell
~

might~ cause engine:roughnesa although in 'i . .
d(.
''

:(e.# -WM~. stoppage.; ..y%,.s<. .CQ. . .,w.not show up 'until the er,gine is close to complete f,'.p ,1
cQC; ro@ess4 rill ., 6; . 3

<,p | Q O 5..q. %m,..{*,,~ir g,t y,,... & n %. ,/* -. . . A , '';;,)4c f N . .f.m.
.

. . .
w

. .v. a. .
. Susceptibility t o Icingt c. a_ , e....n.

.

..e
.

. . m ,.~. - .n.
. . .,... . s c

. ;p .. _. . . 9, s . . .c : q =r g ,6 p,p.gpp. g. .p,-.-3.. . . u e :t.c .

3, p--
. - ~ . .. -

gf.;g $.f-u :q ; .;;- A.q;- .Q ,, g. .g.,g. e . . g. g .g.+,vt g y - ,! .
..

.c..,.~ .... .

.

. w.. . v ^2 & . :s a . . %.d,p $mf cf.,y% ~y 7. : p,, .

C , n{The' susceptibilitylto. carburetor ice. varies greeAly. -'m. v .: m. - Y,.m'.% n..n)ra . . - . v .m.: <;M,r, .r: a &+ 7 . ,.7p +. &. . : .'M. . c. -
.a.. . . .

. . , . = .c

vd :y.*'y;p Q,: 'among.the ~varf.cus } 1.,. ;?

%e A $@.K,warburetoreand having the fuel;an engine installation essploying a ficat-type V 'q *\
i

d' gdi 1 aircraft models'CFor;emeple, hj
,.

.

.1g c introduced upstrees from the, throttle valve, .

U .y ould be'.the,moet'succeptibloJto: carburetor icing taubles. .~At the opposite ' 0 'i''.y . : d:
% (?.T.M|.MerWw' uld be;aniinstallatio(.with. direct cylinder | fuel in.jection,' which . . ,. .Tr. V to

MyN.%uld' foreste1r thefgenefilly, rist, troubles <mie f0el-type; icing;; bowever,[ ' M' 1['/t

%.h.EWjf.he.dtt1(ici:@sy%$'/g&&W$@.$@k;fg$F'AN n;M.?h t . M '84[,.

h "hvinction stees with'|this sightystill.be subject to impact' icing aco | 4.? . j,'y*" $yd%tliia i $ 'd@' Mh .
d

QQ gg &#?.9&sk%hi . - $ W 'Y:' W NT'.h .Qh%[W5W|Ityis1'tkoreticsyy;possible ,to| design an~ engine installation ~that would W:%':|K. ?
M,iQuot.% | subject toicar'. arttMilcing.%Ia'practicepLevever,'this ideal is'notp ]..f,%.8dfM'r ttMtied2.for' boa. of a(dM,hdsor.slof.spractical caturw2. Consequend,y,11t.'Gh.t'fg '$%

i@t?6
6 a

EQW'KisJtill'incudbei.tia iS j.(';Y
e

w k w. % . k $ $ pori'a115 1 p s|4o maain alert to.the possibility of,Yh'? Yk gu$ khf h h'h h h;h hk $m.s mawaw A
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carburetor icing, and take c.,..Mive action 'as appropriate for the egalgment %d ,

and conditions. i. g - f,; Ij
*

--

.
. , .

. . ;;. A,,Recognizing the fact that some installations require less cartmaretor .-[
ice concern than others, the proced. tral rules listed at the end of this . ,f 1
section caa only be generally applicable in guaziling against carteretor - P -

'
ice troubles. - *

. , .

: ' - 'p, .
.

[y' s '. '

'.M +
- ' '.' ,w .w.r. y'

. . -
_,

Prevention Procedures ' '
1

,
y'

.

.s- . . . . > r, ..y .g,.

To prevent accidents due to carbuzetor icing, thers should ts routine , ;.'

use of carburetor heat under certain operational conditions, plus sumreness ..y
; and appraisal at other times of possible icing conditions in the induction 'f

system, arwi the consequent need for carburetor heat as appropriate.' '*

; .
,

--
- s/ _ : ,.: j! .* -

-

Carburetor icing troubles cas. be avoided by practicing the folloving |/ f
IJocedurws.: . .. '

1

. . . M i . 5%' .i. 'J
'

. . . 9., - *~.

I' ,
. . . ' . w ,; c. . .;v ;-

- ~. , . . . .~ .:,s
#! . 1. Periodically check earburetor best systems sne controls

(
,,

for. proper condition and operation. i
. .

- -
e.-

* '- ^ -.'
,c- ,-... , . . .s.,. a,

. . .

,
_ ,

t,~*, . .

t 2. Start, engine with carburetor heat control'in 'the " cold" j-

pcsition, to avoid possible daansge to the carburetor heat i a
:./ system. _;_ . . : . ., . ..;( .

- (- '
;

, , ,. 7
, .i. .

- ~ , . g,

3. - As preflight ites, check earbureter bast ..-s11=hi11ty terJ 9t-
'*'f

,

]noting heat "on" power drop. ';; ,

. , v - , -
.

e

q4. When the relctive bu=idity is above 50 percent erd the
| .

[ ambient temperature is belov 80* F., 'use carturetor best '>

.

issuediately before takeoff. In' general, carburetor beat -
-.

| ~

matter entry vben inta*4a. air is unfiltered in the " alternate" '.. i ' .
J, .

'

should not be used durir.g taxi because of possible foreir>n ,.-
t - :j. ,

..

''

J or carburetor beat "on" position.
,' . ' ' ' M. - J

^ * " ' ' ~
<'

, g- s -,

.', .

.
. . .J ,- .

,. .
+

i I < ' ' 5 conduct takeoff without carburetor heat miess extreme , -

Y.n.. t

| !
~

'cartaretor icing conditicas are present, when carburetor . .

i

| , ,

vben conditicas are such that there vill still be ample ,W
'' heat may be used if approFed by Sircraft. Manufacturer, eDd .j {

t- - -
, ,

,

x''j
, pcwer f.or takeoff withcut incurring ', engine oreyh. eat dware. .

' ,',,,''yg, ,
i, - ,- s s. . , . ..,g.. .. ., . '. .. . . . ....pq , %.

.

' f4 ,. .*4 * *
i, . .

~, '. 6. .Re::aaihElert'atter takeoff for ihdications of carbuzwter ^
. 3 ,

'' ~ * , "

a,i 'I ', h(,
*

-

'[ j * i :~,. . . '{icingfespecially'when .the relative bunidity is elore 50 ~^
.C 'd, . 4 ~ ' .

''f.j,. . , percent' or when visitne moisturw is present..' ' .
, s

I - ~di i. .m..

' .y.. . . . n. . %. 4 . . n... . . w .. , , q:.. . .y %, . P,. g . - ;
. ; eC.,,5 1 ~ ; J";g

. .. , .g ,.; . ,, i
. . - 4

.T.; With supplear ntal instr 2.entation, such as'a catturetor air
. .

- -''

. ' $ 1,y, '..'* . ;'''. te.sIerature gsge,' partial carburetor heat abould be used as* ''
|

,
>

,,,

tY,^ ; , cecessary to ar.intain safe terperatures to forestall icing. . .hlif|!,: .46 *
' .2 , ,d, y " .t;.,f:.s ,:p Without such;icatrumenution,' use full beat but only inter- Ts' "Y &(." fg g; ,'

.

; W' -.cc
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i ,38. If carburetor ice is suspected of causing a power loss, jss

insediately apply fall boat. Do not disturb throttle
ginitially, since throttle acnnnnt may kill engine if heavy*

)'

icing is present. Watch for f.trther power lose to indicatc
yeffect of carburetor heat, *1en rise in pver se ice melts.
1

; 9. yn case carburetor ice persists after a period of hu beat,
s

'; gradually move throttle to full open pccition and climb
,,

eircraft at maximum rate availabic in orsler tc obtaic great- y ~,'. .
,'est amount of carburetor heat. If equipped with mixture'

j , control, adjust for leanest practicable mixture, (spprosch
, this rensedy with caution - although carburetor ice generally ,/.

serves to enrich mixture, the revers's can b. twe; if the [l: i, ,

- ,
, ,

engine is lost through excessive lesning, an airstart might , . ' '.,

be impossible with an iced is3uction system). * . . .l
a

4,

,
. G i10. Avoid clc ls as much ac possible.

,
, - , i , .. t Q' , ..,

*s,
L .,' ' 11. In severely iced conditions, and when equipped with mixture ' 'U.p*

'

'

control, Mckfiring the en6ine can cometimean be effectivt-
, .(Sin dislodging incuction system lee. ' With esrbumtor beat f J
"

control "off," lean engine while at full throttle (observe _[.csution note in No. 9, above). ;| d
~

l'

12. Consider that carburetor icing enn occur with a'ntient ,j
-:spernturo as h*6h as 100* 7. arsi humidits as Icv as SC- *

,, f
-

percent. Remain especially niert to cartrarctor icica
. Grocsibilitics with a combination of e. blent temp 3rature -

below 70* 7. and relative humidity abovo P./J perecnt. -
,
* .

.- Bowever, the possibility of carburutor f ee decrecr-er, in
_

f'
J.the range Lelow 32' F. Thic is te:ause of (a) lessened

humidity as the temperature decrearcs, and (*J at arcund - m.

15' r. ar>y entrained moisture tecomec ice crystalc which ,M.

P]
,pass through the ir. duction syrtem harm 3estly. It should --

be remestered that if the intake att duec contain there
,L -fee crystals, carburetor heat m!r).t actually cause carbur- I .]x

~w .

. -

'

A ,,I @:
ctor icing by suiting the cryctsic snd ralaing the moisture- -| [-'

| laden air to the cartr.iretor icing tnaperaturc rance.*>

, A.!,. ..
) ' J- f
i 13 Prior to cloned-throttle' eperatik, such ac for a descent, I9

,

' apply full heat aret leave cc throwhoot throttJed cequence..,
,

.

Periodically, open throttle durinc extended elcar.d t!.rott3c ,.g.
|p" $ ,*- operation so that enough endine b:st will te prev. aced to nm

J" prevent icing. Be prepared to remove carburetcr beat if -h *. U,

| [~ .f. , go-azuund is initiated. ',
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