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Would you stated your name and position, please.

My name is Harry E. P. Krug. I am a reactor inspector, assigned to
the Nuclear Regulatory Commission's Region II in Atlanta, Georgia.
I hold ratings as an instrument pilot, single engine land and sea,

multi-engine,

Have you prepared a statement of your professional qualifications?
Yes. A statement of my professional qualifications is attached to

this testimony.

What is the purpose of your testimony?
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
the airspace that may be affected by e issions from the
Limerick cooling towers.
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[ joined the NRC in 1974 as Project Manager responsible for the
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

and the GESSAR 238 Project and a number of technical review

background includes a B.S. in Mechnical Engineering (1955) and a
ring (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
C years of nuclear reactor analysis and reactor design methods
development and technical project coordination. In 1574, 1 completed two
years as Supervisor of Nuclear Engineering for I1linois Power Co.

am a member of the American Nuclear Society and the American Society
of Naval Engineers. 1 hold ratings as an instrument rated commerical

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 reqistered int he state of California.
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January 1982-August
Section, Accident Ev
Office of Nuclear R

Nuclear Engineer, Systems Analysis
v ion Branch, Division of Systems Integration,
. Regulat1on.

Novemb . ! : Envircnmental Radiation Analyst.

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, ]11n s Power Company, Deacatur, Illinois.

ust 1971 to January 1973: Industry Manager, Atomic/Nuclear
ustries, Control Data Corporation, Minneapclis, Minnesota.

August 1971: Principal Nuclear Engineer, Jersey
any, Product Design Groug
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156¢ ‘ 970: ice President and General Manager,
Nuclear Cot ' ‘ Pittsh

rgh, Pennsylvania,

November 1969: Fellow Engineer Physics and Mathematics
inghouse Commerical Atomic Power Lc:»rtment (transferred by
e from the Westinghouse Astro-Nuclear Labqratory).

-April 1963: Nuclear Engineer, Reactor Analysis
inghouse Astro-Nuclear Laboratory.

December 1961: Nuclear Engineer, Systems Evaluation
United Nuclear Ceorporation.

-July 1960: Nuclear Engineer, Special Projects Group,
arp, 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. Decommissioning Engineering Officer,
and COMPHIBPAC Machinery Officer (Diesel).

September 1955-April 1956: Officer-in-Charge, ch (Jr. 3rd
Engineer), United Fruit Company, SS Fra Berlang 0 Shaft horse
power twin screw cargo vessel.
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INTRODUCTION

PURPOSE.

The Federal Aviation Administration (FAA) Technical Center's propulsion effort is
centered on the safety and reliability aspects of propulsion systems for both
turbine and piston engines. The detailed planning and objectives of the FAA
Technical Center's propulsion program is documented in an Engineering and Develop-
ment Program Plan — Propulsion Safety Report, FAA-ED-i8-5A, April, 1981. Air-
craft piston engine safety and reliability ie highlighted as an area of concern,
particularly induction system problems associated with carburetor icing, induction
system moisture ingestion, and carburetor antideicing. The detailed objective of
this plan is to establish test cell engine operation during carburetor ice produc-
ing conditions, optically observe real-time carburetor icing operating conditions,
and determine sensitivity of existing "off-the-shelf” carburetor ice detection
equipment.

BACKGROUND.

Accident/incident data involving conditions conducive 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 Tramsportation 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 ir flight. The term “most probable cause” is used due to
difficulty in substantiating the insidious culprit which generally dissipates prior
to examination of engine conditions.

Presently, on the aviation instrument market are items which propose to afford the
pilot a warning when couditions 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 accidents/incidents. The topic has been well researched and pubiished,
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 warning the pilot of actual ice
formation, or at least alerting them to the fact that carburetor condicions are
conducive to¢ lce furmation (depending on atmospheric properties). Other individ-
uals have pursued carburetor modification which will limit engite 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 false sense of security while using carburetor ice detectors/warning devices.
Reports have been published in monthly periodicals by individuals indicating that
these off-the-shelf instruments may not have the accuracy and sensitivity required
to provide adequate carburetor protection. When one reads the literature on
available instruments, thev 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.
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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, tue engine manufac-
turers point out that carburetcr icing is a problem which must be scrutinized on an
individual aircraft model installation basis. Therefore, engine manufacturers do
little, if any, engine rest cell work relative to carburetor icing problems. The
final link in the carburetor icing chain is the aircraft 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 aircraft/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
eugine operation. Some aircraft/engine manufacturers offer 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.




The objective of this program was:

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

a. Type of aircraft involved.

b. Location by state.

¢. Time of year.

d. Type of piist certificate held.
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. Determinc 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 eungine vperation,
wWith strategically positioned borescopes, actual internal carburetor ice formation

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
icing was reported or suspected. The NTSB data, together with the Technical
Center't independent 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 aircraft 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, aircraft ratings, cause factors, contributing factors, number of fatalities,
flying condition, etc. This data bank is accessible through United Computer Sys-
tems in Kansas City, Missouri, with current data available from 1976 to present.

3
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Ice Indication
Cowling Pressure
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Supply Air Pressure
Manifold Pressure
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Fuel Pressure
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Cylinder Head Temperature

Cylinder Head Temperature
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Exhaust Gas Temperature
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Exhaust Gas Temperature

Exhaust Gas lTemperature
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TEST PARAMETERS

011 Temperature

Carburetor Adapter Temperature

Cowling Air Temperature

Water Temperature

Test Cell Temperature

Alr Condition Outlet Air

Temperature

Plenum Air Temperature

Supply Air Temperature
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Float Bowl Fuel Temperature

Carburetor Metal Temperature
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rated pilot from falling vic:im to tne precarious culprit. A plot
icing reports, figure 3, suggests an upward trend in occurrences;

tional data points are required to establish assignable cause.

number of accidents/incidents
cause ftactor.

involved in
not preclude the veteransadvanced
of carburetor
however, addi-
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FIGURE 3. CARBURETOR ICING OCCURENCES BY
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RELATED FACTORS.

The following related factors are presented relative to carburetor icing data bank
reports. It is emphasized tl:t no attempt has been made in this report to statis-

tically analyze each factor or its relationship to the overall carburetor icing
problem.




wWweather condi~.ions - Table
Phase of tlight - Table 3
Occurrences by region - Table 4
s by rating - Tables 5 and 6
Occurrences by aircratt model - Table
Occurreaces by month of year- Figures 4 and 5
Occurrences by pilot hours (private and commercial) - Figures 6 and

uccurrences

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

CONDITTON

Low Ceiling

Fog

Freezing Temperature
Heavy Freezing Rain
Heavy Snow

Light Freezing Rain
Light Snow

Light Rain

Weather Not a Factor
Thunderstorm

wind

Unknown

Ocher

Total

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

PHASE OF FLIGHT WUNEER

Approach 59
Climb to Cruise -
Crulise

Descent

Taxiing

Landing

Takeof f

Touch and go

Simulated Forced Landing

Practice Maneuver

Unknown

Total




CARBURETOR ICING ACCIDENT/ INCIUeENT REPORT BY REGIONS

"URRENCES




STUDENT

PRIVATE

COMMERCIAL

AIRLINE TRANSPORT

UNKNOWN

STUDENT

PRIVATE

COMMERCIAL

IRLINE TRANSPORT

TABLE 5.

1976
NUMBER OF

ACCIDENTS/CERTIFICATES

P 188,801

26 309,005

21 187,801

5 45,072

1979
NUMBER OF

7 210,180

34 343,276

23 182,097

! 63,652

YEARLY ACCIDENT TOTALS BY PILOT CERTIFICATE

NUMBER OF
ACCIDENTS/CERTIFICATES

NUMBER OF
ACCIDENTS/CERTLF ICATES

NUMBER OF NUMBER OF

ACCIDENTS/CERTIFICATES AGCIDENTS/CERTIFICATES ACCIDENTS




TABLE 6.

PILOT

CERTIFICATE/RATING FOR CARBURETOR ICLING

INCLDENTS 1976-1980

CERTLF ICATION

STUDENT
PRIVATE
PRIVATE
PRIVATE
PRIVATE
PRIVATE
COMMERCIAL
COMMERCIAL
COMMERCIAL
COMMERCIAL
COMMERCIAL
COMMERCIAL
COMMERCIAL
COMMERCIAL
COMMERCIAL
COMMERCIAL
COMMERCIAL
COMMERCIAL

RATING 1976 1977 1978

No Rating 9 10 13
ASEL 25 19
ASE ASES C 2
ASMEL 1

“

1

RH ASEL 0 0

UNKNOWN 0 0
ASEL 9 8
ASEL ASES 1 1
ASMEL 10

MEL ASES 0
RH ASMEL U 0
RH ) 1
ASMEL ASES ( 0
RH ASEL ) 0
G RH ASMEL 0 0
G ASEL ) 1
G ASEL ASES ) 0
UNKNOWN ) 0

ACCLDENTS

1979

CERTIFIED FLIGHT ASEL
INSTRUCTOR (CFI)
CF1 ASMEL
CFI ASMEL ASES
CFI1 UNKNOWN
CFI G RH ASMEL
AIRLINE TRANSPORT aSEL
AIRLINE TRANSPORT ASMEL
AIRLINE TRANSPORT ASMEL ASMES
AIRLINE TRANSPORT ASMEL ASES
AIRLINE TRANSPORT RH ASMEL
AIRLINE TRANSPORT UNKNOWN
AIRLINE TRANSPORT ASMEL
FLIGHT INSTRUCTOR ASMEL
UNKNOWN

RATING ABBREVIATIONS

ASEL Aircraft Single Engine Land

ASES Aircraft Single Engine Sea

AMEL Aircraft Multi-Engine Land

AMES Aircraft Multi-Engine Sea

ASMEL Aircraft Single Multi-Engine Land
ASMES Aircraft Single Multi-Engine Sea
RH Rotorcraft

G Gilder




TABLE 7. CARBURETOR 1CING ACCLDENTS/ INCLDENTS BY ALRCRAFT
MODEL {1976-1980)

AIRCRAFT MODEL 1976 1977 1978 1979 1980 TOTAL

AAIA

AAIB

AAS

AASA
AERSPRTQUAIL
A36

A9A

BABY LAKES
BC12Dl1
BEDEBD4
BL1265
BL6S
BRCEZTLUI
B75NI]

C23

C37

D CU657CRAFT
D36

FI19
G-164A
G-164B
G~164C

2 1A
HEADWIND
HiS8
J2MCCULH
J3C65

J5B

KR

L4B

MZIOC

M4T

M5 235(
NAVION
NAVIiU
NAVION D
N253

5A 11
Yall
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TABLE 7.

AIRCRAFT MODEL
G44A
PA22
PA22
PA22
PA23
PAZ3
PA24
PA24
PA24
PA2S
PAZS
PAZS
PA28
PA28
PA2S
PA28
PA28B
PA32
PA3B
PT13D
PT13
PT26B
PA22
ROWN
Krob
SALH
SCOOTER
SPORTS TERK
STITSSALLA
ST3KR
TC45B
UHL1Z2D
UH12E
UHL12EL
UPF7
VARIEZE
V35
561386
15657
108
1981
1082
11AC

) (
L&V

CARBURETOR ICING ACCIDENTS/INCLDENTS

MODEL (1976-1980)

1977

(Continued)

BY AIRCRAFT

TOTAL
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4
1
3
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TABLE 7. CARBURETOR ICING ACCIDENTS/INCIDENTS BY AIRCRAFT
MODEL (1976-1980) (Continued)

ALRCRAFT MODEL 1976 1977 1978 1979 1980

140 U
15AC (V)
A 150K
150
150C
150F
150rG
150H
150J
150K
150L
1 50M
152
170
170A
170B
172
172
172E
721
172K
172L
172M
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1 0
0
0
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17 5A
177

177A

1778

18 AAIRSPC
180

180E

180F

180H

180J

182

|82A

1828

182C

182F

182H

182J

182K

182M

182N
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CARBURETOR ICING ACCIDENTS/INCIDENTS BY AIRCRAFT
MODEL (1976-1980) (Continued)

ALRCRAFT MODEL
182F
Al85K
185

188 CESSNA
23 BEECH
305A

310

3105
415C

478

47D1
4/G2
47G3B1
47G4
47G4A
680E

7AC

7ACA
JECA

JFC
7GCBC
7KCA

8A

)¢

Y

1977

3
U
0

1
0

1979
1
0
)
4]
0
0
0

(
\

0

1980 TOTAL

0
0
1
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BASTC CONSIDERATION

ngﬁﬁ_f?,,“{h'

Ice may form in the induction system and carburetor of reciprocating engines in the
following ways:

l. 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 vy 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 tc 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.

wWhen aircraft 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
carburetor ice and not airframe ice which may block airflow through aircraft 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, throttie 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,

L1CING 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 largest 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.




vaditional general carburetcr/induction icing information 1is provided in
ppendix A Additional carburetor/induction icing documentatien bibliography
is provided in Appendix B.

OPERATIONAL CHARACTERISTICS .

Most carburetor iring accident reports place final blame as pilot error, due to
pilot in command of the aircraft having final authority and responsibility for the
safe conduct of flight operations. While this is a true statement from 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 aircraft 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 trim 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 unaware. Due to this

steady 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
failure mode, there also exfsts a lean failure 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.

Wirh 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. Theretore, 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 perfoimance degradati~n which will appear once ice accumula-
tion has progressed. Major drawbacks to present standard instrumentation are:

l. Pilots tend to overlook performance degradation to the point of near

eng ine
failure, hence, "Pilot Error.”




Z. At low power settings or prolonged periods of time at reduced power settings,
adequate heat may not be available to overcome impact of ire accumulation.

3. Application of carburetor heat will momentarily cause an increase In engine
roughness which entices the uninitiated pilot to turn off heat. Roughness 1is
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 instruamentation
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 alrcraft. Such instruments are approved as
optional equipment only and flight operations should not be predicated on their
use. SIC approval 1is not extended to other specific engines of the approved models
on which other previously approved modifications are incorporated unless it is
determined that the interrelationship between changes/modifications will introduce
no adverse effect upon the airworthiness of that engine. Appendices C and D are
examples of typical STC approvals.

Two off-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 | and Test Probe 2.

Test Probe 1. The Test Probe | system is completely independent of
temperature or pressure changes wnich do not affect detector operation except to
melt away frost/ice accumulatior. 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 mouuted 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
icem. There are some shortcomings inherent in Test Probe 1 system design/probe
Jocation 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 aircraft voltage fluctuation.

20



¢+ During some atmospheric conditions, the system has poor 1ce ftormation
detection characteristics at low RPM settings (1400 and below) due to carburetor
airtlow characteristics.

. STC addresses the existence ot an ilrcratt tlight manual supplement.
P

How-ver, no requirement exists to add such an equipment operational supplement to
the aircraft flight manual when an ice detector probe is installed. This leaves

the pilot/owner without full knowledge of proper equipment operation.

4. During actual carburetor 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 ment.loned shortcomings may appear to have serious connota-
iions, it should not be construed that the instruamenc is useless. The Test Probe
| carburetor ice detector is a valuable instrument 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 prossure

changes and air moisture content which do not affect warning device operation.
This probe is a special 'l wire sensing coil of known resistance characteristics
encapsulated in a thin wali shell with epoxy resin. The wire sensing coll resis-
tance changes with carburetor air temperature. This resisranc change 1is 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 airect warning device operation.

report, 13 separate test were performed in the static sea-level engine te
Data compiled during test operations, which totaled 22.06 hours of
operation, lead to the conclusion that the instrument is a useful cockpit

As 1indicated in the Test Probe 2 SYSTEM TESTS evaluation portion

properly utilized as the manufacturer has recommended in the installation
prop |

instructious. There are some shortcomings inherent in the lest Probe 2 svstem

design/probe location as described in the ENGINE TEST SEQUENCE vortion of
report; however, the following summarizes these shortcomings:

1

this

l. The instrument probe detects temperature only and does not detect moisture
present to ftorm ice.

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

3 ne 1nstrument probe does n e the effect of fuel

t flow mixing
airflow.

<.

At low rpm settings such as 1400 and below, this probe does not provide
accurate temperature indications due to carburetor airflow

characteristics at probe
iocation,

) installation nstructions contain a gection
procedures which should be utilizei to verify cockpit instrument temperature
indication when carburetor icing commences. This proecedure is to be followed for




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 coustrued that the instrument is useless. The Test Probe
2

2 carburetor temperature detector is a valuable instrument for carburetor ice pro-

tection when used »oroperly 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, overhead valve, air cooled, horizontally opposed,
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 cooler. The engine contains hydraulic tappets while the cylinder walls/
pistons are spray lubricated. Normal operational oil pressure was 30 to 60 pounds
per square inch gage (psig).

The gravity feed fuel system produced 1.5 pon.wvs per square inch (psi) at the
carburetor inlet with a full tank of 50 galloae, 100 low-lead aviation gasoline.
The carburetor system was a Marvel Schebler Mod 1 MA-3Si's, 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 ith fuel system temperature and
pressure probes at several leccations.

The engine had a dual wagneto. radio shielded ignition system wher2 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 shaft and timed to 24° before
top center (BTC).

COOLING SYSTEM.

The cooling svstem consisted of an air moving and heat unit, a pressure regulating
and shutoff valve, arn engine cooling hood, ducting and various pressure and
temperature probes. The air moving and heating unit was self-contiained with a
6,000 ft3/min (CFM) centrifugal blower; 20 Horsepower (HP), 3,6C) rpm, 24

volt 3-phase, 60 hertz (Hz) motor. A one mil'ion British Therma! 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 shutoff
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valve, and 18-inch diameter flex duct which attached to the top of engine cooling
hood. The pressure regulating and shutoff 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-oft
louvers prior to the l8-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.

FUEI. 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-3SPA.

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 .ube connected
the tank to a manuai shut-off 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 !-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 thermocuple
installed in a Swagelok™ fitting on filter body left side. A standard airccaft 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, fuel 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 performence correlation with
performance data cobtained during initial engi.. 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 champber, carburetor heat valve, heat exchanger, and associated
ducting.




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 b-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 woisture 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 breakup 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
to heat and dry the engine induction system.

The heat exchanger, sometimes called a heater muff, was bolted 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 mutt inlet and
outlet had 3-inch flexible tubing connecting the entire system from plenum to
carburetor inlet.

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 S50-inch
working length. One borescope had a forward viewing distal end while the other was
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 with
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
individual standard black and white television cameras. This assembly was then
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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épeclfically designed to fit below and above carburetor mounting flange ard 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 ncrmally attached to the
bottom borescope to record bottom throttle plate view. The recorder could easily
and quickly be shifted 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 SYSTEM.

The data acquisition system 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 rite 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

40.0001° 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-hour 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 I1 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-hour 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 after a stabilization time, a magneto test was performed.
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).

BASZL.NE TESTS.
This tes: was initiated with a SUT. After full throttle condition data was taken,
rpm was retarded to 2100 and engine allowed to stabilize. Computer data was taken
contimdusly at | scan per minute while the engine was stabilizing. Manual data
was tak n at each point three minutes after point was set. After another minute or
two, the next lower rpm was set. This sequence was repeated as per table 8 until
all pcints 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 off-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 | 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 rpm or below was selected to evaluate rate at which Test Probe |
responded to ice.

The optical ice monitoring system utilized a cold light source, as discussed in
TEST CELL EQUIPMENT portion of this report, to illuminate area being observed.
A problem developed when Test Probe | 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 |
system would not function under any conditicn. To overcoms 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.
After conducting a number of the tests, the Test Probe | 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 | 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 | sensitivity was cet at omne
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 times 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 CHECK FULL THROTTLE POWER CHECK

NORMAL SHUT-DOWN TEST (SDT)

1200 cool down

BREAK-IN TEST

SuT 2050

BASELINE TEST

suT 2100

1000 MAG SAFETY CHECK PULL MIXTURE OFF
(SHUT COOBINC AIR OFF WHEN CHT
BELOW 300°F)

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

2050 1950 1850 1800 1500 1300

sSDT



increases more than 0.75 V.d.c. above that which existed when Test Probe |
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 set, 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 sensit’ve 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
until the warning light went out aad 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 very useful 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 test experience grew in the ice production area, it became
apparent that the temperature nrobe being tested was not located in the coldest
point in the carburetor. It was speculated that air around the probe stagnated at
engine rpms 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 differential between the test probe
temperature and internal carburetor temperatures. As engine rpm was increased above
1400, t*. indicator's caution arc became accurate relative to {ice accumulation
probability, however, temperature differentials continued. The Test Probe 2
temperature probe can be a useful tool to alert pilots of possible carburetor ice it
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 | 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 |
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 iritiated,
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:

l. Individual parameter versus rpm for complete test run as displayed in
figure 1.

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

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 | was plotted
as mentioned above and reviewed for abnormalities.

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

GENERAL OBSERVATIONS.

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

2. Engine rpm in the test cell installation was a static condition. During actual
in-flight operation, engine rpm 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 effect inside the carburetor for a given
throttle plate angle.

3. The static test cell engine installation without actual aivcraft cowling and
dynamic flight conditions allowed an engine heat transfer different from that
imposed in-flight. The test cell installation did not allow the engine to dissi-
pate heat as rapidly as in-tlight, 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 melt 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 understanding 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 1initial 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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7. Additional "ott-the-shelt” concepts/devices were becoming available, however,
such equipment was not available at the FAA Technical Center during test cell engine
operations. All known devices which are becoming available are listed in appendix
G.

8. With over |50 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 aiter carburetor
performance.

9. During one test cycle, throttle plate ice accumulated t a point that throttle
movement was restricted and engine would not accelerate 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 acceptabie.
A cure for this 1900 rpm condition was obtained with:

(a) full carburetor heat,

(b) mixture left as set prior to problem, and

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

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

10. Based on video observations 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 aircraft maintenance inspection requirements.

CONCLUSIONS

Related Factors.

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

l. 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 tace, as it
taces the incoming airstream, large amounts of ice may build up prior to pertorm-
ance degradation.

S. Little ice formation was noted on the carburetor venturi or the induction
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
*he 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.

l. Existing standard cockpit instrumentation is adequate to detect carburetor ice
formation. Aircraft/engine performance degradation will provide warning indications
with sufficient 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 aircraft flight
manuals.

3. FAA/NTSB accident/incident data for engine failure/stoppage contain a large
quantity ot 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 | Indicator System.

l. Carburetor ice indicator was a useful instrument at rpms above 1,400.

2. The indicator probe does not feel the effects of fuel 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 indication system which
should be placed in aircraft flight manual such as observed at 1400 rpm and below.

5. When adjusting detector light semnsitivity in-flight, care must be taken or
accuracy of instrument will be nullified and pilot will not be aware of his
adjustment error.




‘6. Although the above mentioned shortcomings may appear tu have serious cannota-
tions, the instrument, when used properly, will provide valuable intormation.

Test Probe 2 _l.qg_i_c‘a.t'oyr_ System.

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

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

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

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

5. Although the above mentioned shortcomings may appear to have serious connota-
tions, the instrument, when used properly, will provide valuable information.
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APPENDIX A

AC  20-113
DaTE 10/22/81

ADVISORY CIRCULAR

DEPARTMENT OF TRANSPORTATION
Federal Aviation Admimistration
Washington. D.C.

Subject: PILOT PRECAUTIONS AND PROCIDURES TO HE TAKEN In PREVENTING

AIRCRAFT RECIPRUCATING ENGINE INDUCTION SYSTEM aND FUEL SYSTEM
ICING PROBLEMS

1. PURPOSE. This circular grovides information pertaining to alrcraft engine

induction system icing and the use of tuel adaitives to reduce the hazards ot

aircraft operation that may result from the presence of water and 1ce in aviation

gasoline and aircraft fuel systems.

2. CANCELIATION. This Advisory Circular cancels AC 6U-9 and 20-92.

3. RELATE DING MA AL.

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

b. Advisory Circular aC 20-293, 1/18/72, Use of Aircraft Fuel anti-Icim
Additives,

c. Aavisory Circular 2073, 4/21/71, mrcratt loe Protect won.

4. National Research Council of Canada, Mechanical Cmaineerima report 1s=536,
Aircratt Carburetor Icing Studies, July 1970,

e. Investigation of Icima Characteristics of Tyoical Light Airplane Emine
Inauction Systems, NMACA TN No. 1790, February 1949.

£. lIcing - Protection Regquirements for Reciprocating Enaine Induction
Systems, MACA Technical Report No. 982, June 194y,

a. Various Alrcraft Owners Handbooks, provided by the manufacturers.

n. Carburetor Ice 1in General Aviation, NISB Special Report AAS-72-1,
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4. BACKGROUND/DISCUSSION. Reciprocating engine 1cing conditions are a constant
source of concern in aircraft operations since they can result in loss of power
and, if not eliminated, eventual engine malfunction or failure. The different
types of icing conditions are characterized as air induction system icing and
aircreft fuel system icing. Because of a substantial number of aircraft accidents
attributed to incidents involving such icing, 1t 1s important for a pilot to know
the kinds of ice formation encountered, and the manner in which each 1s formed.

5. INDUCTION SYSTEM ICING. Induction system icing may be characterized as
Impact lce, Throttle Ice, and Fuel Vaporization Ice. Any one, or a cambination of
the three kinds of induction icing, can cause a serious loss of power Dy
restricting the flow of the fuel/air mixture to the engine and by interference
with the proper fuel/air ratio. Because induction 1cing accidents can be
prevented by the pilot in virtually all cases, improved pilot awareness,
attention, and adherence to recommended procedures should reduce accidents of this

type.

a. Impact Ice - Impact ice 1s formed by moisture-laden air at temperatures
below freezing, striking ard freezing on elements of the induction system which
are at temperatures of 32° F. or below. Under these conditions, ice may build up
on such components as the alr scoops, heat or alternate air valves, intake
screens, and protrusions in the carburetor. Pilots should be particularly alert
for such icing ~hen flying in snow, sleet, rain, or clouds, expecially when they
see ice forming on the windshield or leading edge of the wings. The ambient
temperature at which impact ice can be expected to build most rapidly is about
25° F., when the supercooled moisture in the air is still in a semiliguid 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 deicler, because fast forming ice which 1is
not immediately recognized by the pilot may significantly lower the amount of heat
available from the carburetor heating system. Additionally, to prevent power loss
from impact ice, it may be necessary to turn to carburetor heat or alternate air
before the selector valve is frozen fast by the accumulation of ice around 1t.
Wwhen icing conditions are present, it 1s wise to guard against a serious buildup
before deicing capability 1s lost. The 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 1s unlikely under extremely cold
conditions, oecause the relative humidity is usually low in cold air and because
such moisture as 1s present usually consists of lce crystals which pass throuah
the air system harmlessly. The use of partial heat when the temperature 1s below
32° F. may, for example, raise the mixture temperature up to the danger rarge,
whereas, full carburetor heat would bring it well above any danger of 1cing.

b. Throttle Ice - Throttle ice is usually formed at or near a partially
closed throttle, typical of an off-idle or cruise power settina. This occurs when
water vapor in the air condenses and freezes because of the cooling restriction
caused by the carburetor venturl and the throttle butterfly valve. The rate of
ice accretion within and immediately downstream from the carburetor venturl and
throttle butterfly valve is a function of the amount of entrained moisture in the
air. If this icing condition is allowed to continue, the ice may build up until
it effectively throttles the engine. Visible moisture in the air 1s not necessary
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for this type icing, sometines making it difficult for the pilot to believe unless
he 1s fully aware of this icing ettect. The effect ot throttle icing is a vro-
gressive decline in the power Jelivered Ly the engine. With a fixed pitch
propeller this is evidenced by a luss in engine RPM amd a loss of altitude or
airspeed unless the throttle is slowly advanced. With a constant speed propeller,
there will normally be no chanye in RPM but the same decrease in airplane
performance will occur. A decrease in manifold pressure o exhaust gas
temperature will occur before any noticeable decrease in engine and airplane
performance. If these indications are not noted by the pilot and no corrective
action 1s taken, the decline 1n engine power will probably continue pogressively
until it becomes necessary to retrim to maintain altitude; and engine roughness
will occur probably followed by backfiring. Beyond this stage, insufficient
power may be available to maintain flignt; and complete stoppage may occur,
especiaily if the throttle 1s moved abruptly.

c. Fuel Vaporization Ice - This icing condition usually occurs in conjunction
with throttle icinj. It 1s most prevelant with conventional tloat type
carburetors, and to a lesser degree with pressure carburetors when the air, fuel
mixture reaches a freezing temperature as a result of the ooling of the mixture
during the expansion process tnat takes place between the carburetor and engine
manifold. This does not present a problem on systems which inject fuel at a
location beyond which the passages are Kept warm Ly engine heat. Thus the
injection of fuel directly into each cylinder, or air heated by a supercharager,
generally precludes such icing. Vaporization icing may occur at temperatures trom
32° F. to as high as 100° F. with a relative humidity of 5SU percent or abowe.
Relative humidity relates the actual water vapor pesent to that which could be
present. Therefore, temperature largely determines the maximum amount of water
vapor air can nold. Since aviation weather reports normally include air
temperature and cewpolnt temperature, it 1s possible to relate the temperature -
dewpoint spread to relative humidity. As the spread becomes less, relative
humidity increases and becomes 100% when temperature and dewpoint are the same.

In aqeneral, when the temperature-dewpoint spread reaches ZU° F. or less, you nave
a relative humidity of 50% or higher and are in potential 1cing conditions.

6. FUEL SYSTEM ICING. Ice formation 1n the aircraft fuel system results from e
presence of water In the fuel system. This ~ater may be undissolved or dissolvea.
One condition of undissolved water 1s entrained water which onsists of minute
water particles suspended 1n the fuel. This may occur as a result of mechanical
agitation of free water or conversion of dissolved water through temperature
reduction. Fntrained water will settle out in time under static conditions and
may or may not be drained during normal servicing, depending on the rate at which
It 15 converted to free water. In general, it is not likely that all entrained
water can ever be separated from fuel under field conditions. The settling rate
depends on a series of factors including temperature, quiescence and droplet size.

a. The droplet size will vary dependinu upon the mechanics of formation.
Usually, the particles are 30 small as to be Uwisidble to the naked 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 o
entrained, then to free water.
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b. Another condition of undissolved water is free water wnich may pe
introduced as a result of refueling or the settling of entrained water thac
collects at the bottom of a fuel tank. Free water 1s usually present in easlily
detectable quantities at the bottom of the tank, separates by a continuous
interface from the fuel above. Free water can be drained from a fuel tank througnh
the sump drains which are provided for that purpose. Free water frozen on the
bottom of reservoirs, such as the fuel tanks and fuel filter, may render water
drains useless and can later melt releasing tie water i1nto the system tihwrety
Causing engine malfunction or stoppage. It such a condition 1s Atected, thw
Aircraft may be placed 1n a warm hangar to reestablish proper draining of these
reservoirs, and al! sumps and drains should be activated and checkex prior w any
flying. Entrained water (1.e., water in solution with petroleum fuels)
constitutes a relat.vely small part of the total potential water in a particular
system, the aquantity dissolved being dependent on fuel temperature arsi tne
ex1sting pressure and the water solubility characteristics of tne fuel. Entrained
water will freeze in la fuel and tend to Stay in suspension longer siace the
specific gravity of ice 1is approximately the same as that of aviation gasoline.

C. Water in suspension may freeze and form ice crystals of sufficient size
such that fuel screens, ctrainers, and filters may be blocked. Some of tnis water
may be cooled further when the fuel enters carburetor air passages ano causes
carburetor metering camponent 1C1ng, when Conaitions are not otherwise conducive
to this form of icing.

7. PREVENTION PROCEDURES. .

a. Induction System Icina - To Pprevent accidents due to imduction system
icing, the pilot should reqularly use neat under conditions known to be coniucive
to atmospheric icing and be alert at all times for wmndications of 1cima 1n the
fuel system. The following precautions and procedures will temd to reduce the
ilkelinood of induction system 1cing problems:

(1) Periodically check the carburetor heat systems ami controls for
proper condition and operation.

(2) Start the emgine with the carburetor heat control in the QUL
position to avoid possible damage to the System and a fire hazard pecause of a
backfire while 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 and tne temperature 1s
below 70° F., apply carburetor heat briefly ummediately before takeoff,
particularly with float type carburetors, to remove any ice whicn may have been
accumulated during taxi and tunup. Generally, the use of carburetor heat for
taxiing 1s mot recommended because of pOssible ingestion of foreign matter on some
installations which have the unfiltered air admitted witn tne control in the HOT
or ALTERNATE AIR positions.
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(S5) Corduct takeoff without carburetor heat, unless extreme intake icing
conditions are pxesent.

(6) Remain alert for indications of irduction system icing during takeoft
and climb—-ocut, especially when the relative humidity 1s above 50 percent, or when
visible moisture 1s present 1n the atmosphere.

(7} With instrumentation such as carburetor Or mixt'ire temperature
gauges, partial heat should be used to keep we intak2 tempecature in a safe
range. Without such instrumentation, full heat should be used intermittently as
considered necessary

(8) If induction system ice 1S suspected of causing a power loss, appl-
full heat or alternate air. 0o not disturb the throttle until improvement 1s
noted. Expect a further power loss momentarily and then a rise in power as the
ice is melted.

(9) If the ice persists after a period with full neat, gradually advance
the throttle to full power and climb at the maximum rate avallable to proauce as
much heat as possible. Leaning with the mixture control will generally increase
the heat ut should be used with caution as it may kill the engine under
circumstances 1n which a restart 1s impossible.

(10) Avold clouds as much as possible.

(11) As a last resort, and at tne risk Of catastrophic engine damage, a
severely 1ced engine may sometimes be relieved by inducing backfiring with the
mixture control. This 1s a critical rocedure at best, saould not be attempted
with supercharged engines, and must be done with the cariwretor heat control in
the QULD position.

(12) Heat should he applied for a short time to warm the 1niuction system
before beginning a prolonged descent witn tne engine tirottled ani lett on during
the descent. Power lever advancement siould bLe pertormed perivarcally duriima
descent to assure that gower recovery can Le achleved. The prlot smoulu be
prepared to turn heat oft after power is regained w resume level fliant or
initiate a go-around from an abandoned approach.

(13) The pilot should remember that induction system i1cing is possible,
particularly with float type carburetors, with temperatures as hinh as 100° F.
and the humidity as low as 50 percent. It 1s more likely, however, with
temperatures below 70° F. and the relative humidity above 8U percent. The

likelihood of icing increases as the temperature decreases (doam to 32° F.) a as
the relative humidity increases.

(14) General - When no carburetor air or mixture temperature instrumen—
tation 1s avalilable, the Jeneral practice with smaller ergines should be to use
full neat whenever carburetor heat is appliea. With higher wutput emgines,
however, especially those with superchargers, discrumination in te use of neat
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snould be exercised because of tne possible engine averheatlix and detonation
hazard involved. In the case of uressurized aircraft, use of alternate or heated
carburetor alr ray requlre depre2ssurization of the passenger compartinent. A pilot
of an alrplane equipped with a carburetor air or mixture temperature gauge shoula
make it a practice to regulate lus carburetor neat by reference to thils 1naicator.
In any airplane, the cxoessive ws ol heat auring full power operations, such as
takeoffs or emervency ao—arcunds, wmay result 1n serious reduction In e power
developedd, as well as the hazarc of ergihe damage. It sioula te noted that
carburetor heat 1s rarely nesxed tor oriet high wower gprations.

b. Fuel System Icing. The use uf anti-icing additives for some piston—enaine
powered aircraft nas been approved as a means of preventing problems with water
and 1ce 1n aviation gasoline. Some laboratory ano flight testing indicated that
the use of nexylene glvcol, certain methanol derivatives ard etnylene glycol
monometnyl ether (EGME) in small concentrations inhibit fuel system icing. Tnese
tests iumicate that the use cf HGME at a maximum U.15% by volume concentration
substantially inhibits fuel system icing unxier most operating comditions. Tne
concentration of additives in the fuel is critical. Marked deterioration 1in
additive effectivenecs may result from too little or too much adaitive.

CAUTION: It snoula be recognized that the anti-icing additive is in mo
way a substitute or replacement for carburetor heat. Strict adherence to
operating instructions involving the use of carburetor neat should be
adhered to at all times when operating under atmospheric condltions
conducive to 1ci1ng.

te  CONCLUSIONS.

a. Te evidence 1s clear that carburetor 1Cing and aviation dasoline tuel
System i1cing problems are preventad with proper use of aircratt carouretor Al
heat and by 200 musekeeplna to eliminate water from gasoline and tiw alreratt
fuel system.

b. Fuel anti-icing anditives have veen found to have a teneficial stfect on
the prevention ot fuel system icing when properly blended in the fuel systems ot
aircraft powered by reciprocating engines.

c. Fuel anti-icing additives are not effective i1n preventing or reducing
carburetor ice under all operating conditions and are no substitute for tne
necessity of carburetor neat or following prescribed flight manual operating
procedures.

d. The effects and recommendations described in this circular are general 1in
nature and agppropriate to most certificated airpianes. The pilot sioula refer to
2ll available cperating instructions and placards pertaining to his airplane to
determine r any special consideration or procedures zpply to 1ts gperation.

”

M. C, Beard
Director of Airworthiness
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N AIRPLANE FLIGHT MANUAL sU»rvrLbsbasT
ARP INDUSTRIES INC., ICE Dl lUR

MODEL 10 AP-le {22“3 (7}1 R
STC No._SA 489 EaA ru AP 0 -
W.0leksak,Acting Chief,
Bngineering & Manufacturing Branch

Date April 28,1967 Date_April 28,1967

ARP INDUSTRIES INC.
Supplement to the applicable FAA approved Airplane Flight Manuel for the install-
ation of Carburetor Ice Detector P/N 107AP,-R
Warning; This instrument is approved as optional equipzent only and flight oper-
ations should not be predicated on its use. Proceedures listed herein oo the use
of carburetor heat are intended to supplement exisiting instructions.

GENERAL DESCRIPTION OF ICE DETECTOR SYSTEM
By mesns of a traisisitorized electrical circuit a warning light is actuated by the
blockage of light rays by frost or ice between the radiation source aad the probe
sensor in the carburetor. This systea is completely independent of tempersture or
pressure changes which do not effect the operation of the detector in any way except
to melt away the frost or ice. In the abssace of carburega{ froet or ice the warning
light automatically deenergizes. .

OPERATIONAL ADJUSTMeNTS AND INSTRUCTIONS

(a) Ground and flight sensitivity setting

Turn on the aircraft master switch and set the detector circuit breaker if installed.
Turn om 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) Plight operation

After (a) above has boen determined turn on the power switch and leave it on at all
tizes in flight. To test circuit tura off power switch then on. The red light wil)
flash on then off indicating all components are operating normally. If the red light
comees on automatically it indicates the initial formation of frost or ice in the carb-
uretor on the probe. Immediately apply carburstor heat( to both engines in a twin-
eagine airplane) until the red light gaas out automatically. This incicates the ice
has been removed from the clrbnrctor.gg!th a little experimentation with the smount
of heat applied it can be determined just how little heat is required to ke the
light out. This will result in more efficient engine operation under the exisiting
atmospheric conditions. If the red light does not go out after approximately two min~
utes of heat application the cause may be due to too low a sensitivity settiang. Turn
up the sensitivity slightly and the light will go out. If it does not go cut contin-
ue to apply heat until it does go out.

A R. P. INDUSTRIES, INC
36 BAY DRIVE E.
HUNTINGTON, N. Y. 11743
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«.R.P. INDUSTRIES, INC.

36 BAY DRIVE E. ¢ HUNTINGTON, N. Y 11743 o TEL - 516 + MA 7.1585
INSTALLATION IJ4oTHUCTIONS

l. Remove or open up the engine cowling to mllow accese
tc the engine,carburetor and firewall.

2. Remove the plug in the carouretor housing just be=
low the throttle valve. On & cylinder engines with tlarve
Schebler MA3 carb. the plug #ill . “sund »a the for-
war! side. On 6 cylincer engines wi .. Marvel-3chebler
MAY4 carb. it is located on the rear.See page one for
these instructions. If the carburetor has not been drilie
and tapped for this plug remove the carburetor from the
engine and drill out the lead vplug. Tap this hole .-
with a ¥ x 28 tap. Be careful to remove all burrs and chips frow the intericor of
the carbure.or.

3+« Cpen the throttle valve wide and carefully screw in the ice detecilor srove.

Care must be taken not to bend the probe couponents. Install the lock washer and a
proper number of shim washers eo_ hat wnen the probe 158 tightened the red dot on the
probe housing will face down towaPds the ground. This will cosition the ,robe face
into the carJuretor air etream. The probe should be ti-htenend by hand as ti:ht as
possible and then only ¥ turn additional by 3/8" short handle ovea 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 operat.on of the
probe in the carburetor. The plus power red colored wire(this may also be a black
wire with a fuse holder) must be connecte? to plus side of aircr.ft electrical power.
This red wire is the nower wire from the iastruzent case and not the probe red wire.
In most sircrsft the electrical system is plus with tbe negative battery post grouund-
ed to the airframe. This ameans the plus power wire cao be connected to the circuit
breaker or amsster switcl. On aircraft with a positive ground the power wire zust be
reversed so that plus weets plus. Be sure the =12 detectors ere installed on 12 Volt
systems and the =24 on 24 Volt systeams.

5. Connect the nrobe connectors to the instrument case coanectors ard check tne ~robe
oreration as faoldlows. Turn on the power switch.Tury the sensitivity coatrol up from O
slowly to apps ® to 8 or nore. The red light should come on at O and o0 out between &
and 9. If this does not occur check the power sup)ly end wires and comnnvciors. Je sure
the proper cclor wires from the probe are connected to the saze color wires of the in-
struaent,

6. Disconnect the connectors and install carouretor on the eagine witlii the prcue in-
stalled in the carburetor. Insert instrument cable thru firewall and renlace fireproof
srommets or putty. Reconnect the connectors. Clamp the probe cable with Adel clazne
every 12" to tine carburetor and airscoop and eagine zount. Be sure tc clamp %e prove
cable to the carburetor so that there will be oo cavle zovement at the probe 3due to
'engine vidbration.Allow at least 6 to 8 inchee of slack between the clamping at the
carburetor and the engine mount to sllow for movement of the ea ine on the wmount. Tape
the connectors individually to preveant their touching and shorting out and to seal
out oil and dirt.
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IWSTALLALION INSTUCTIuNS COJLISUSD

7. ‘ount the instrument case,if it is the anodel 105AF
or 107AF,-Rs¥M,on the instrument panel in the standard
34" opening with # 8-32 aluminua head(round) screws.
Also use lock washers. The lOSAP may be brucket
mounted in a remote area with the red warning

light positioned directly in froat of the pilot(1C7AF-R) :rovidea it is in
reach of the nilot for adjustmeat of the seasitivity coutrol. If 1t 15 the
107a# the rear of the box may be removed and it may be otiacned to the panel

with # 1)-5¢ screws,nuts and lock washers. Jr snall J40l alusinum Lraciels may
be i1nstalled on the sides of the rear sectiun Lo mount 1t 1n o roctunsular cut=-
out ia the panel. “*

The ice djetector is now ready for operationsl adjustcent.

OPLRATIONAL wDJUST T

1. Turn on the aircraft master switch. Jet the circuit vre:«xer i1f such is 1n=~
stalled. Turn oa th: ice detector power switch. sith the seasitivity coatrol

set on O the red licht will coae on. 4iurn the control up slowly until the red
light goer out. This is the setting for detecting froest .nd ice. The above is
done with thc oncgine off and with a normally charged battery. For increesed
sensitivity to the .nitial formation of frost the above sroceedure is repeated

in flizht by the pilot after he has leveled off 2nd nis cnerator or alternator
charging rate has stabilised nowever this resetting is done only when extreae
sensitivity is desired since ‘he normal setting with the enjpine off affords at
least @ 3 miaute warning before the evngine 18 effected Dy toc much ¢ roureior ice.

2., 20 test the entire circuit and probe on the model lJOHaF 'u:h the nrush to test
button w#itch with the detector onerating #nd the red li-ht wut, ["e red i1 .nt
vill flurh on end ;0 out when the vutton 16 relessed indicwting all detecior com-
ponente sre over:tiug s/ ticfactorily. The model 107A7 may oe te: tod(an well as
the 10%AP) oy turniag the power .witch off then on durin: noraul o»- ration of
the jete~tor. The red li:ht 741l flash oo then off iulicitia 4ll Ccgu oneunls are
oner+ting eatisfacterily. Fushing the push to test vutton or turmin; tne po.er

sw tch off then on scturlly simulates ice on the ,robe.

3, Jhe ice deteciors should be turned on in flignt 2t sll tizes i3 air teamperatures
of 70 degrees of less.

4, 4#ith increasing :-ime of operztion oa the engine & sli_nht film of fiel residue
mey form on the orote which may result in a sli nt reduction of sensitivity at

the original setting when the detoctor is first i.st:lled. [his w.ll oe observed
when it is required to set th: seasitiv ity at an incree in_ i _ her setting es tize
goes on however the Lucic sensitivit; of ihe dete:tor is not reduced when wdjuitud

as outlined (bove. If the <easitivity zuxt be tu:ned 71l the s 1w to Lo the rrode
mu t Le remcved for cleanin: with a soft cloth snd #khite _a-oline.
C-6
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Supplemental Tope Certificace

u/dk:;?zt‘;)v SE1-201

%deﬂdb Kenneth I. Richter
Richter Aero Equipment, Inc.
Essex, New York 1293%

Homifom as spocofioa Aemeor. smieals Ko avmuwrhinass my b of Pont 3/5315/.;;& Civil Air/

Federal Aviation

Maks See attached Engine Eligibility List L
Meded

.’/)‘M—vMo’v 4f-4_/»ko.(/‘alfyn f“a"w
Instollation of the Richter Aero Equipment Type B-4 or B-5 Temperature Probe
in Marvel Schebler Carburetor Models MA-2, MA-3, MA-3A, MA- 5-SPA, MA-L,

MA-4-5, MA-5, MA-6, MA-6AA, and HA-b series and in Bendix Carburcetor Models

3

NA-57%B and NA-S3Al, in accordance with Richter Installation Bulletin No. 2
dated March 6, 1958, Bulletin No. 3 revised July 26, 1999, and Bulletin

No. 4 dated June 28, 1961,
(See STC Continuation Sheet Page 2)

1. lacard required on face of temperature gauge: '"Maintain at least 5°c
or 9°F abeve freezing during possible carburetor icing conditions."
Altarnate Placard: 'Keep needle out of yellow arc du’:j.x_ng possible

carburetor icing conditicns."
(See STC Continuation Sheet Page 2)

.?ZM conleforade and e .uy‘,\o./.n, doaler uhieh & Ko dases /.:' W'vm/.“«// mersiae s o eapecd w ndsd das
M”c(‘c%"l/fl‘_’ Mn/, or a dov e madion 4/.-0 - -J"’uﬂ' M/ol/'/o.“lc/' !y IX& .T/r’np st madiom .f .J‘—

. ’/4-:/1 rad %Qd/l o -’{r’”u nerlmadion

oA
L wde wwarbaseid

Dute of apprbecation May 6, 1958
Yote amended 7/7/59, 8/11/61, 3/11/65, 9/20,77

eclecy t)’“; .f?nulmcﬁz

.,/“6 4,'“:0-«4 Hay 6. 1958

i (Signature
RALPH L. H
Chief, ngineering & lNanufacturing Branch
( Titie)

any alteration of thii certificate 15 punishabdie 0y ¢ fine of not exceeding 81,000, or itaprisomment aot  xceeding 3 years, o0 doin
TAu artifcate may ov transfer cd in ac wrdance wria FAR 21 ¢7
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Pepartment of Transportation — Federal Avarion Adminiecration

Supplemental Tppe Certificate

(Continuation Sheet)
Neumber si-x

Date amended: September 20, 1977
Deecriptior 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, 1965.

Limitations and Conditigt_a: (con.)

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

ENGINE ELIGIBILITY LIST

AIRCOOLED MOTORS

FRANKLIN MODEL T. C. NO.
LAC-150 Series 194
4ac-171 " 206
6AQe298 » 225
6‘“-?')8 " "
6AL-315 " 2%
HAL=145 " 238
6‘“-150 " "
6AL-165 ™ "
(‘AGI‘ = 185 " "
6AL-200 - i
6A8-215 " 242
6vh-178 » 2uk
svl._zm " "
6vl‘_ 3}5 " "
6VS-335-A " 1E2
SVS-}}S-B " "
LA-235-B " EJEA
6V-350-A " ESEA
6v_ Bw_a " "

Any altevation of this certificate is pumshable by a fine of not exceeding 81,000, or imbrisorment nat er.ceding 3 years, or both.

FAA FORM 811021 (10-69) Thas cortificass may de ranfor. { in acordance wnih FAR 2147
PACE 2 OF 4 paGES
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‘Hrivd Saos of duria

Prpartment of Transportation — Federal Avation Sdminiscration
Supplemental Tepe Certificate *

(Continvation Shese,

Date amended: September 20, 1977

ENGINE ELIGIBILITY LIST (con.)

|
|
\
|

AIRCOOLED MOTORS

FRANKLIN MODEL T. C. NO.
6A-350-C Series EOEA
6‘-}50°D " "
2A-120 ¥ E2LEA

6AS-350-A ay E18EA ‘
AVCO CORPORATION

LYCOMING MODEL T. C. MO,
0-145 Series 199 and 210
0-235 " 253
0-350 " 227
0-415 " 228
w_[,}5 " "
0-290 " 229
0-320 " 274
o_y‘o " 277
VO-415 " 279
0-360 " (excl AlA, 286
c2B, C2D)
HO- %60-A1A only "
VO-360 " 1El
T0-360 " E26FEA
LTO- 360 " E26EA
0-540 " 295
v0-S40-B&C " 304
TVO-540-A1A 1E14

Any alteration of this “evirficate 15 pumishadle by a fne of not exceeding 31,000, or impriconment not excecding 3 years, or both.
FAA FORM #110.2.1 (10.69) . This corisficate may be iransferved in accardince vtk FAR 2147

paGE 3 oF 4 paces




‘Haterd Seares of Aemerics

Bepartment of Transportation— Federal Ivation Idminiscration

Lupplemental Type Certificate

(Continuaticn Sheet)

Neemdbex 21201

Date amended:

ENGINE ELIGIBILITY LIST (con.)

CONT INENTAL

MODEL

A-50 Series

A-65 .
A’?." "
A_ao "
c_75 "
c-85 ”
c-11% "
C-12% »
E-165-2 only
E-185-2 only
C-%0 Series

0-200 "
C-145 -
0-300 "

T. C. NO.

190
205
213
e1?
233
233
2%
246

252

253

0-470-A,E,J ,X,L,R,S,T,U only 273

GO-300 Series
RANGER

MODEL

6-b4o-CS

ROLLS ROYCE

MODEL

RR C90 Series

RR O_ ‘ym "
RR 0-240-A

298

T. C. NO.

216

T. C. NO.

E3IN
E4IN
E11EU

seces END .....

September 20, 1977

'.-

Ary alteration of this cortificate 15 pumshable by a fine of not exceeding 81,000, or imprisonment not exceeling 3 vears, or “ath.

FAA FORM E110.2-1 (10-69)

Thas cortificate may be transfevred in accovdance unih FAR 21 47.

PAGL 4 OF 4 PAGES
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SHORT FORM INSTALLATION INSTRUCTIONS
TYPE B-5 CARBURETOR AIR TEMPERATURE PROBE
RICHTER AERO EQUIPMENT, ESSEX, NEW YORK U.S. A,

'DESCRIPTION OF INSTALLATION

As shown in Figure 1. installation consists of:

(a) Mounting a temperature sensing probe (Richter Aero Equipment Model B-3)
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 9 F above freezing during possible car-
buretor icing conditions. "

(¢) Electrically interconnecting the sensing probe and gauge with each other and
the aircraft clectrical system,

WEIGHT CHANGE
The installation of this instrument increases the empty weight of the airplane 1 1b.
There is no appreciable change in the empty center of gravity.

INSTALLATION INSTRUCTIONS

A. Installation of temperature sensing probe in late series Marvel Schebler MA-4,
MA4-5, and MA-6 carburctors provided with factory-tapped hole:

(1) Unscrew thre:ided plug at position indicated by arrow,

(2) Using one only . 018" Shakeproof washer, screw probe into hole,

(3) Hook up wires per wiring diagram with Burndy connettors furnished:
slide insulating Teflon tubing over connectors and secure as shown in
Fig. S.

B. Installation of probe in carburetors not tapped at factory:
(1) Remove car'=mirctor,
(2) Remove lead plug indicated by arrow in Fig. 1 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 with a 1/4"-28 tap t» receive the temperature probe.
(5) Screw temperature probe into tapped hole, Determine the thickness of
plain shim washer necessary in addition to the Shakeproof lock washer to
prevent the end of the threaded portion of the temperature probe from
protruding 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-
tors because of casting processes, No hard and fast rule in determining
the correct amount of spacer washers may be used,

(over)



(6) Blow al! chips and filings out of carburetor and air box, and re-install
on engiie,

(7) Hook up wires per wiring diagram, with Burndy connectors furnished;
slide insulating Teflon tubing cver connectors and secure with cord. (Refer
to Fig. 5).
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Richter Acro Equipment
issex, New York U,S. A,

Installatior Bulletin No, 3
Dated: July L6, 1959

INSTALLATION PROCEDURE FOR CARBURETOR AIR TEMPERATURE PROBE TYPE B-5
This bulletin is in 7 parts covering installation and removal,

INSTALLATION INSTRUC i JONS:

Part 1.
A,

Step 1.
Step 2.

Step 1.

Step.4.
Step 5.

Step 6.
Step 7.

Step 8.

Mechanical Installation:
Carburetors provided with factorv-tapped hole to accept R-5 probe: Marvel
Schebler no'~ furnishes some carburctors 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 , 018 Shakeproof washer, screw probe into hole,
(3) Hook up wires per wiring diagram with Burndy conncctors furnished;

slide insulating Teflon tubing over connectors and secure as shown in

Fig. 5.
Carburetors not provided with factory-tapned hole: Adjacent to the butterfly
valve in all Marvel-Schebler Ma2, MAS, MA4 and Ma+i-5 series carburctors
is a lead plug fillicg the access hole through which the idler jets were drilled
on the far side of the carburetor barrel. This lead piug fills a stepped hole in
the aluminum casting. The wall of the carburetor is approximatelv 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 thvs warn of impending danger due to throttle valve icing.
Remove carburetor assembly from engine.
The inst Nation kit for this unit includes a 7/16" aiverafll counterbore, a 171 x
28 tap, and 2 7/32 deill, Support the carburctor firmly under a dreill press,
and drill out the lead plug with the 7,32 deill, Deill stowly o it the deadd
travel so the deill does not break theoueh and plunge into the valve, 1t has been
found helpful to put o sme 1 amount of putty over the imner end of the lead olug
to keep metal chips out of the carburetor, If the deill does not go theough the
putiy the problem or removing chips s simplified,
The eounterbore pilot 1s inserted into the new hole, and the counterbore is
then used lightly to create a flat surface at the outside of the hole, The function
of the flat, which should be square with the hole, is to provide a locking sur-
face for lock-washer betweca the carburctor and the probe,
Lubricate the 1/1 x 23 tap and tap out the hole.
Carefully remove all chips and metal shavings from the inside of the carbu-
retor,
Apply thread lubricant to threaded portion of Type B-5 probe,
Screw the Type B-5 probe into the hele and note whether a portion of the
threa<ded length protrudes into the inner barrel of the carburetor,
Remove the Tvpe B-5 probe, and select from the special Shakeproof 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.,
Sce 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 be used,
and should be adjacent to the carburetor casting, with the lock washer adia-
cent to the lecking flat on the Type B-5 probe. If necessary, lock washers
can be used un both sides of the flat washer, If the probe does not reach all
the way into the carburetor barrel, the counterbore can be used again to re-
duce the thickness of the casting slichtly at the outside ot the nole,
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Part 2, ELECTRICAL WIRING INSTALLATION:

A.

B.

Step 1.

The most suiiable gauge to be used in conjunction with the Type B-5 probe
{8 a modified C-11 instrument, furnished in the complete kit supplied by
Richter Aero Equipment, This is a bridge-tvpe gauge of excellent 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 the 5 €, spacing
than on other gauges on which the separation of the gr:ulu’.nions in the vi-

cinity of 0 C. are difficult to discern readily. This guge is furnished

with appropriately colored segments (o aid in instant reading, The re-

quired placard is furnished attached to the gauge as required by STC-SE

1-201,

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 90,38 ohms at 0 degrees

Centigrade or 32 degrees Fahrenheit. The B-5 probe can therefore be used

for co-burator 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 S¥ 1-201 that any gauge used must be placarded "Main-
tain at least 5° C or 3°F above freezing during possible carburetor icing
conditions. " The AN gauges that can be used, when placarded, in conjunc-
tion with the Richter Aero Equipment Type B-5 probe are as follows:

AN-5790-6 Single electric thermometer indicator 12 or 24 volt. Range -70°C
to +150°C 2 3/8" diameter requires 4 pin AN3106-118-28 connector,

AN-5795-6 Dual electric thermometer indicator 12 or 24 volt, Range -70°C
to +1500C 3 1/4" diameter. Requires 5 pin AN?106-148-58 connector,

C-10 Single clectric thermometer indicator 12 or 21 volt, Range -50°C to
+500 C 3 1/4" diameter. Requires 4 pin AN3106-14S-28 connector,
Dial marked "Free Air' must be placarded "Carburetor Air"

C-11 Single electric thermometer indicator 24 volt, Range 45° C to ~15°C
2 3/8" diameter. Requires 3 pin AN3106-148-18 connector, Dial
marked "Free Air' must be placarded "Carburetor Air”

C-12 Single clectrie thermometer indicator 12 voll, Range -15°C to s15° C
2 3/8" diameter. Requires 3 pin AN3106-145-18 connector, Dial
marked "Free Air' must be placarded "Carburetor Ar”

F-8 Single electric thermometer indicator 24 volt, Range -45° C to ~§45° C
2 3/8" diameter. Requires 3 pin AN3106-14S-18 connector. Dial
marked "Carb. Temp. Mixt."

F-9 Single electric thermometer indicator 12 volt. Range -45° C to ~45° C
2 3/8" diameter. Requires 3 pin AN3106-14S-1S connector. Dial
marked "Carb., Temp. Mixt."

F-10 Dual electric thermometer indicator 24 volt, Range -45°C to ~5°C
3 1/4" diameter. Requires 4 pin AN3106-14S-2S connector. Dial
marked ""Carb, Temp. Mixt."

The use of milliameter-type gavges, such as the Weston 602 and 606
geries 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 sysiem,

Make up a cable to connect probe with gauge unit in instrument panel, Air-

eraft 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 feet,

b-8
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Step 2.

Step 3.

Step 4.

Step 6.

Step 5.

| Step 6.

a pmemnnnny o Ne P oy chonbd ve vsed, The eable wlt come et of
twor condie o=, cond walll termmate o the ponge end o the appropreote
AN or lug conpector to it the pudicator anit selected, AL the end adjae -
ent to the probe, each wire will be terminated with the Bormdy YZ1L1-H
Clasps furnished, These are installed with the appropriate indenting tool,
care being taken to make the indentation on the opposite side of the con-
nector from the seam, The insulation grip is then clamped down, The
cable should be of ample length to reach from its terminus adiacent 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,

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 wund around the wire and tubing at each end of the tubing to pre-
vent the tubing from sliding off the connectors,

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 {irst support so that engine motion will not draw the
wires tight, The wires leading into the probe are specially flexible to allow
fer vibration,

Draw freec ends of cable through grommet in firewall, This can usually be
an existing hole through which other wires are already routed, if a new
hole is required, it should be of minimum possible diameter and should be
provided with a fireproof grommet to prevent chafing and cutting the insu-
lation on the wires, Route the cable, with appropriate supports, to the
panel space provided for the gauge. Be sure that the eable does not and
cannot affect the freedom of teave!l of controls behind the panel,

Attach free ends of eable to eonnector appropriste (o mstrument bemg used,
Refer to attached wiring diagram for connections, which will depend on vol-
tage, model of instrument, and number of engines, Connection to the aiv-
craft electrical svstem should be made through 2 (o 5§ ampere fuse o 5
ampere trip-free circuit breaker,

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 celored 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 (45° C can be marked with an orange arc.

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

Attach free ends of cable to connector appropriaie to instrument being used.
Refer to attached wiring diagram for connections, which are different on
certain Canadian-nade indicators, Those made by Sutton-l{orsiey will be
connected according to the diagrams so labeled,

Identical to above

D-9
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Part 3.
A,

Step 1,

Step 2,

Step 3.

Step 4.

Part 4,

Part 5.

GROUND TEST

The type B-3 probe, properly instilled, should permit temperature read-
ings within on= degree Centigrade,

After installation of the complete system, with the engine still cold, the
master switch should be turned on, The gauge should immediate!ly reg-
ister a temperature at or very near the prevailing outside temperature.
(A Fzhrenheit-Centrigrade scale is included on one drawing for vour
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 cither in the probe, the cable, or the gauge, or
power is nol reaching the system,

In the event that the gauge readings vary substantially from outside air
temperature, the gavge umil 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
degrees Certigrade or 68 degrees Fahrenheit, With a difference of L 35
ohm room temperature test level: that is, if the room temperature is,
say, 5 degrees Fahrenheit less than 68 degrees Fahrenheit, then the
resistance of the probe will be lower by 5 x .2 ohmas; 97,20 = 1, 00, op
96,31 ohms, at 43 degrees Fahrenheil .

The engine should be sturted and the gauge observed during idling, There
should be only a small change (usually a dropy in indicated temperature
during idling. If the fuel supply is colder or warmer than the surrounding
air temperature, this will be reficcted in the reading,

The engine should be run up to cruise RPM at which time the gauge should
indicate a temperature drop in the carburctor of approximately 15 degrees
Centigrade or 26 degrees Fahrenheit. This will vary with difierent 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.

SERVICE LIFE OF TYPE B-5 TEMPERATURE SENSING PROBE:

The Richler Aero Equipment Type B-5 Carburetor Temperature Probe is
guaranteed for one year from date of purchase or 500 hours of operation,
whichever comes {irst, It should be replaced when the wire leads fray at
the point where they enter the potting compound at the outer ¢nd of the
brass shell, or when damaged mechanically or electrically bv accident,
Otherwise it should remain serviceable as long as it reads co  ocotly,

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

The resistanc: characteristics of the sensing coi! inside the tip of the unit
have been made to correspond as nearly as 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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~—py Part 6.
A.

1-5 probe has a resistance curve which matches the AN specifications ex-
actly at 0 degrees Centigrade, and is accurate to within 1 degree Centigrade
in the range from -15 degrees Centigrade to +15 degrees Centigrade (5 de-
grees to 59 degrees Fahrenheit), Above and below these figures the resis-
tance curve of the Type B-5 deviates gradually from the AN curve, giving an

‘error of -3 degrees Centigrade at 38 degrees Centigrade: that is, for an

actual temperature of 38 degrees Centigrade an AN indicator used with the
Type B-5 probe will indicate 35 degrees Centigrade. For the purpose for
which the Type B-5 probe is intended, the measurement of carburetor air
temperature, this error is of no real conscaquence, The important point is
that the Type B-5 probe will sense the freczing point and its vicinity with
greater accuracy than most airborne meters will indicate.

Mechanical

The materials used in the construction of the Type B-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 1200 de-
grees Centigrade @approximately =150 degrees Fahvenheit to <100 degrees
Fahrenheit), The sensing coil is encapsubited in epoxy resin in a shell
whose willg are 016 thick, sufficient to resist repeated back-fires, but
thin enough to give nearly ingtant sensitivily to tempevature 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-it
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,

RECOMMENDED OPERATING INSTRUCTIONS FOR USE

It would be prudent for the pilot to determine his own operating procedure
and limits on the basis of information obtained with his own planc under
known carburetor icing « .aditions. A test procedure is described in Sec-
tion B of Part 6 of these nstructions. Airline flizht engineer's manuals call
for "the application of carburctor heat to an indicated level of 20 degrees
Centigrade above freezing 3 minutes before entering visible moisture'’,
Since most commereial aireraft are not provided with sensing probes as
critically placed as the small size of the Type 13-5 probe enables it to be,
an approximate assumption of a 15 degree Centigrade (26 degree Fahren-
heil) temperature drop rust be made by the light engineer or pilot of most
madels of transport aireraft, This means that standaed practice actually
amounts 1o carrying approximately 5 degrees Centigirade (9 degrees Fah-
renheity of heat above freezing as measured at the throttle vaive, which is
the most eritical point, In practice we have found it sulficient to carry 8
degrees Centigrade of indicated heat above freezing under all but the most
extraordinary conditions, such as might be encountered in a situation where
the outside air temperature would be subject to sucddenly exteme variation,
or extreme icing conditions, Even under these circumstances it 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 possible
icing conditions, Induction system icing can occur at severa! points, Fuel
lines, pump, or screens can be blocked if therc is water in the fuel and it
freczes. The intake sereen can become blocked with frozen moisture,
either in the forn of sleet or heavy snow, Elbows where the air box angles
sharply can be rammed M1 of incident ice. And most commonly, the throt-
tle valve can accumulate a rim of ice which, #f allowed to develop unchecked,
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will eventi: lly grow to jnin a deposit which usually forms first on the wall
of the carburetor harrel adjucent to the throttle valve, cxactly at the point
where the Type-5 probe is loeated. The alternate air supply via the car-
buretor heater will enable coutinued operation of the engine even when the
intake screen is blocked, but if the obsiruction at the throttle valve grows
large cnough to cut off much of the air supply, no alternate source is avail-
able, and engine failure will result, Experiments indicate that humidity is
the controlling factor in the rate of icing. Thercfore, the more humid the
air, the more rapid the icing,

Attention is directed to Aviation Safety Releases Nos. 163, 261 and 338
concerning idling failure due in part to ~arburetor icing. Prudent use of the
temperature information furnished by the Tvpe B-3 probe should enable the
average pilot to fly with greater sccurity and economy, since full carbur-
etor heat with its associated loss of power and performance will be required
far less frequently. it will also furnisk an immediate clue to the trouble if
carburetor ice is responsible for a faltering engine. Sinece fuel induction
syster icing is the largest single cause of engine failure in light aireraft,
the Type B-5 probe, properly used. should help to eliminate 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 manufacturer has
found that lead deposits on the plugs in engines using higher octane gaso-
line are usually the result of inadequate volatilization of the antiknock com-
pounds used to raise the octane rating of the fucl, Most such fuels conain
tetracthyl lead, which if allowed to burn without an ivkibitor, weuld form
metallic lead oxide, Therefore ancther sub.tance, ethylene dibromide, is
added to the fuel along with the tetracthy! lead. The combustion product is
lead bromide, a fine powder which is readily blown out the exhaust system.
But gasoline has a lower vaporization temperature than cthviene dibromide,
which in turn vaporizes more readily than teteacthyl load, So if the mixture
is too cold in the carburetor to vaporize all the fue! components properiy,
the totraethyl lead may he eoncentratea in only a part of the enging, in the
form of large, heavy droplets, and possibly separated from its inhibiling
ethylene dibromide. During combustion, therefoce, lead oxide may be forme-
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 clements
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-
tilization, increasing plug life and engine rcliability. 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 expericnced when fuel
is mixed with very cold air. This applies to cruise power conditions. For
maximur: power, the densest available, hence coldest, air is required,

Pilot In-Flight Test Procedure:

Pick a day or a flight level of known carburetor icing conditions, 50 to 58
degrees Fahrenheit (10 to 15 degrees Centigrade) with 607 or higher humidity
is ideal. An engine is allowed to pick up carburetor ice at cruise RPM until
the manifold pressure shows a drop of 1 inch or, on planes not couipped with
manifold pressure gauges or conetant speed propellers, the RPM drops 50
below normal in level flight. The carburetor heat control is then pulled on
part way until the indicatea temperature is plus 10 degrees Centigrade (50
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“C,

hn 1.
Step 1.

Step 2.
Step 3.

Step 4.

degrees Fahrenheit), Engine performand o should seturn to normal within 2 o
3 seconds. The carburctor can then be illowed to beyin to ice again, and heat
to the extent of 5 degrees Centigrade abve freezing teied. 11 the engine clears
promptly, the procedure should be repeated 1 degree lower each time until the
engine no longer returns promptly to normal performance, This procedure
should be followed separately for cach engine, and it would be well to check

at various power settings, By following this procedure the pilot will become
familiar with the reading of the gauge under actual carburetor icing conditions
and can cstablish his own aperating margin, The final reading for the frecze
point may in some cases be higher orlower than 0 degrees Centigrade 02
degrees Fahrenheit) depending principally on the configuration of the fuel in-
take system, Dut once the freeze point has been established, the pilot will
have immediate information available concerning the risk of freezing temp-
erature at the throttle valve, the point in the fuel induction system most

likely to be affected,

value and Limitations of Temperature information provided by the Type B-5
probe:

The indication does not supply information concerning the presence of suffic-
jent moisture to form ice, This must still be judged by the pilot. Dew point
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 quite possibie to fly ice-free with temp-
erature 30 to 50 degrees below freczing, Ice formation in carburetors scems
to give its principal trouble at or near the actual freezing point, where mois-
ture, condensing on cold metal, begins to build up a deposit, usually starting
adjacent to the throttle valve exaetly where the Type =0 probe is located,
Laboratory experments have shown thal under conditions of 1007 hamidity,
ice wili accumulate in the carburctor at temperatures from freesing down to
18°F (-%°C), possibly lower, as weasured at the throttle valve. At lowes temp-
eratures moisture will be precipitated out of the air in the form of harmless
crystals hy the refrigerating effect of the expansion of the gas-air mixture in-
to the manifold, It ig this expansion - vefrigeration effect inat maanfactures
carburctor ice from moist air, so the pilot must he alert to ke op the eavbure-
tor heat level above freezing during conditions of high humodity, 17 allowed
through cversight to drop n degree or two helow freezing, the partial use of
carburetor heat could hring about exactly the Kind of icing trouble this m=tal-
lation has been designed to avoid,

REMOVAL INSTRUCTIONS

Mechanical and electrical

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

Slide tubing back away from clamps and disconnect.

Unscrew Type 13-5 probe from carburetor. Carburetor need not be removed
from engine.

Insert 1/4 x 2¢ 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 1/4 x
28 bolt, fully threaded, cut to 1/1 inch length would make 2 suitable piug.

It should be cither salety=wired or be furnished vith a loch washer 3o it

will not come out, Preferably it should just reach the inner barrel so as to
leave a smooth contour on the inside of the carburetor, The plug should not
project cven slightly into the airstream, It does no harm to make the plug a
little short, as a small depression at the hole will not atfect fule distribution,

D-13



Pagres 8 cont'd, atallation Pulletin No, 3

Step 5. Discomnedt wiring from the bus,

Step 6. If entire system is being removed, discoancet and remove gauge, remove
cable through grommet, Plug hole if required.

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"'.
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INSTALLATION OF RICHTER AERO EQUIPMENT TYPE B-5 PROBE
N MARVEL-SCHEBLER CARBURETORS
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APPENDIX E

SAMPLE TEST DATA PLOTTINC
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APPENDIX F

TEST CELL ENGINE INSTALLATION
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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
a cockpit indicator to provide warding of ice accumulation.

b. Boldnor Electronics
Boldnor Farm
Nr. Yarmouth, I.0.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
(telephone 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 temperature. The sensing coil mounts in an existing 1/4-inch hole
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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Avareness of carturetor icing conditions scmetimes requires extrs
effort because of unique combinations of veather, engine installation,
and ergine operatiom. Bovever, thro.gh faniliarity vith certain general
information, modified or suprlemented as necessery for the particular
aircreft model deing operated, the informed pilot should be abdle to
avoid carburetor icing troubles. & o L8 W SN Aty .

pact ice, fuel ice, and throttle 108, - YL R

Tspact 1ce is formed by the impingement of solsture-lsden air &t -
temperstures between 15° 2. and 32° ¥. onto the elements of the induction :
Under these - =L,
conditions ice builds wp o such componentis as the sair 8coop, hest valve, . 7T 7. .
carburetor screen, throttle, ard carburetor wetering elements. Pilots s e,
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The usual range of ambient temperatures at vhich fuel 1c1n¢ pay be
expected to cccur is BO® F. to 80® 7., although the upper limit mey
extend to as nigh as 100° P. A tempersture of arcund 60° P. should be
regardel as the most suspect. The minimm relative humidity genermlly
necessary for fuel icing is 50 percect, with the 1c1n¢ hazard ucnuus
8s the bumidity level increases. s

- -

Puel ice is not a prodlem in systems duignd to mjoct the Ml lt
any location beyond vhich the pascage surfaces are maintained above -
freezing. Thus, injection of fuel directly into each cylinder obwiously
wvill preclude the possibility of such icing. In engines vith centrifugal
superchargers, the fuel is int. oduced at or downstream from the face of
the impeller in & sanner thuc will aom tphahb.ck from tb anncr

blades sc that fuel ice ir nort formed. . : ok z et N
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Seitin Soidn Pisond 00 05 aae f Jartly ezaoc throttle vhen - f:~*
vater vapor in the “induction air ccrdences and
sion cooling and lover prescure ae the air pasces tho rntruticn
by the throttle. This tegperature drop normally does not excesd.5° F.
When the mmbient temperature is above 37° P., then, tha pilot need not be .
concerned with throttle icing as loug as caly air passes the throttle, such
as in a fuel injection n\Mhum vith tbe M introduced ¢ov iresa
from the threttle. : oty g

Mnthcuiusm.-urutmum!hmtle,w a:yice .
formation wvould be attributable to water vapor freezing from the cvemdative -
effects of the fusl ice and throttie ice phenimmna. Icing at the thoottle
then can oceur &t ambient temperatures much higher than 37° P. Throttle
ice iz not & protles in scoe fuel systems which are designed eo that the .-
throttle 18 located in & warzed region, such as betvecn an englire-stage
eupercharger and the cylinders, or @ constant supply of heat is provided
to the throttle uunbh md dmtruu curtmc xn s03e otb.r Ta0TéT.

" nd l h g "

Carburetor Tce gomuon and Prevention o i) o ) ~~f’7"- o

-

Agy one or cmb:mticm of tbeu Xzo-fq')ing sftustions fay cause lose
of power by restriction of inductiom flow end interference with en appro-
priate fuel-sir ratio.’ Cze reason 1% can be isportant toiise carburetor
beat as an entis{cer rather than & defcar 1123 in the “vief pus eircle”

aspect, eepecially in frit-forming cacditfons and when the ice bulldup

might pot be disgnosed af an early stoge, An uncorrected carburelor ice
condi{ion can mean less pover, erd $hus reduced carburstor beat which xRy
result in {he forsation of more ‘lcc.< It 18 certainly only prudert to guard
aainst . auil'!u;. of catl‘mtox‘ lcc u;fbro d-(ch., cepabllity e loat. : _“

nr-.‘-‘- - ‘A..

_For & beli.r eomeptléu of euhnwm lee formating Lhat -.lg,ht b b

ofth.hrepurtm. udufullm
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dptct.ed in lighteplare r-xotenn, e multo of tests rcportcd ia Refenencc 2.
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Two typical light-plane installations were tested, ome with a
float-type carburetor, the other vith a pressure-type carburetor.
With the first, eerious icing occurred up to carburetor air tem-
peratures of 62°, 63°, and 93" F., and the lover limits of relative
humidity of 80, 60, and 30 percent, for high-cruise, low-cruise, and
glid==-power conditions, respectively. With the pressure-type car-
ouretor installation, the results were serious icing between carbure
etor air tezperstures c¢* 48° F. and 55° ¥. with relative humidity
from 9C pcrcant to 100 peorrent at low-cruisc pover, and up to ap-
proxizately 75° ¥. with relstive humidity greater than 32 percent at

glide power. Ko urioua icing occurred at t.ha high-cruise powver
condition.

* Carburetor &ir bheaters in r.‘u Aircnﬁ. ere uaunlly of the exhaust
pipe cuff type. The exbaust-heated air is directed into the carburetor
air duct as desired, so that witn full carlavetor Leat the normal air duct
is essen‘ul]er closed off at the corb\metor w vun locttim. :

It shou.d be mllud that puthl carburetor hett can be vorse t.h-n
none at all under certain conditions. For example, the fuel/air mixture
tezperature might be at 20° P., with no heat applisd, which ncrmally would
not be so conducive to ice-forming as If the temperature were brought up
to 30° P., by reans of partial heat. Pull heat, of course, could be ex-

pected to ralse the temperature out of the icing range en”irely. At least

with the szeller engine inglallations vhen there is no carburetor air
teoperature or fuel-air mixture temperature instrumentation, the general
rule should be to use full heat vhenever any carburctor beat is applied.
With the higher cutput engines and those exploying superchugcre, more
discretionary use of full heat should be practiced hecause of the overheat
and detonation bazard.  Temperature instrumentatica should be installed as
a pnecedsary reference to uutt the pilot in lnd\..stmg tN appropriate
apount of heat. : : -

- . .
A M g - < - ? £ Y

Excescive Use of Carb\iretor Beat - - AR AN Far
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Notvithstanding t& ﬁportmce ot @:ng carinretor heat when neceuui-y,' -

the importance of guarding against undue r 2ruse ghould be recognized. This
is bazed on che lower povers and higher cylinder teaperatures that generally

recult when cerburetor heat raises induction air temperature. For example,

the lover power can be critical in case a sudden go-around 1s required, and
. full carburetor heat st high-pover levelis and high-sabient temperatiures can

cauce cylinder overbeating and even detonation damage. It 1s rnoted tm
under hlsh-pcvcr conditions caxbumtor heat ia mrcly required.

Thers are exc'puom to the w.le “that carbumbor beet epplicatiicn
resulte in lover pover, In extromely cold and ary weather, with no 1cin¢
potential, the use of & little carluretor heat may actually increese pcver
to a small extent because of irproved fual veporization. ' This reversal of’
the usual, hovever, vould not o'cur in most localities. ot v

s e, N
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' \\_. From the aboi -, it can readily be seen that induction tempersture
{nstrunecstation serves not only to aseist the arti-icing cffcrt., but also
! to proutect the engine from overheat dazage.

Appraisal of Carburetor Ieing Potential

Cognizance of the prevailing humidity is basiz to the importast.
avareness of the possidble carburetor Icing hazard. ZBven though relative
o P hunidity 1s less than 50 percent at takeoff, one caunoct be ccmpletely
confident that he will not encounter a carbuaretor icing atmosphere some e ey £ 4
time during his flight. Whenever the pilot has reason to suspact high or ey
marginal bumidity, he should utilize the be st means avallable to maintain A
cogniuncc of pnm.in‘ h-jdity levels., ; : . ’ "

When the .lnnrt 1: equlmd v!th Wifn tqerltura imtn-cnution, ¢
nmmuyqummm.mnm._._ 3 PRRE R ¢

Ay o 3ot Operatioral mzemn otmtor Iee & % -~;;,’ o :. A5 5734

A R " S ds i3 Cnrburetor iec nmm ho cor)mcnd m [} tht ponfbh cause ‘
orcpoverlou With a fixed pitch propeller instellation, a power loss .

‘agh " obviously is indicsted by an engine speed reduction. When there is & mani- .

v’ . fold pressure gags provided, s reduction in manifcld pressurs would show up

. along with the engir= speed reductior. With & couectant cpeed propeller

¢ : . installation, howvever, only the manifcld pressure uiald be de~reased. ~

* e Mb&rvq‘niéedm'urcoditmmuflntnatodhthrmch.

Lt development of e slight posodove attitude. Upon trim ad justment to level

G flignt, an exgine speed rcduction might then b&wted, sgain utuning a
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7 The suscep munty to mwretor ice miu g.-um .ong the varicus
43077t s aircraft models. For exieple, an engine installation employing a float-type
o oy A e id .'carourebor ard baving the fuel introduced upstrees frox the throttle valve,
T e 'would be the most susceptible to carburetor icing troubles. At the opposite
e o end would be an fnstallation with direct cylinder fuel injection, which -

X f"?"’_-‘," " *“would forestall tre generally most troublescwe fuel-type icing; however,
g7 %0 2 the tnductioca cystu \'ltb um light .un ho oubJect to nr;‘ct tclng nx:d
g tmtu xciag. A B
~.\ ;-' "“ i *-"" e
.,_" W Ty A is t.heoreucs.l;x poosmo to desia an eng.ne insuuanon thut vould .
; not b2 subleet to sastaretor Seing. Io practice, Lowever, this ideal is not " .
aftﬂued, for one or sore _reasons of w prectical cature. Cooseguently, u -$‘= X
ds .zm lmudbeut d;m u]l pilote t.o reain alert to th possibuity of .
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carburetor icing, and take preventive .ctm as -ypropm for ‘2= oquipment
and conditicns.

Recognizing the fact that scme installations require less carturetor
ice concern than others, the procedural rules listed at the end of this

seciion caa only be generally applicadle in ;\mtm against carburetor
ice troubles.

%

e | .

Prevention Procedures . ! »

To prevent accidents due to carburetor icing, there should '2 routine -
uze of carturetor heat under certain cperational conditions, plus awareness .
and appraisal at other times of possidle icing conditions in the induction
system, end the consequent need for carburetor hesat as appropriste.’

e il

e

Carvuretor icing troubles caun be avoided by puctiem the tonodng

[=ocedures:
1.

2.

T

Periodic‘ny check carburetor heat systems u:l controls
for proper condition and operatiom.

s

Start engine with carburetor beat control’ in the "eols®
pecsition, to svoid possitle dam.ge to the carbureicr best
systen.

As preflight item, check carburetor heat svaflahility Wy
noting heat "o power drop.

Whor the reletive huzidity is above 50 percent erd the
ambient tesperature u belov 80° F.. use carture=tor heat
immediately before taxeoff. In general, carburetor heat
should not be used durirg taxi because of possible foreigno
mpatter entry when intake air {s unﬂltered in the "alternate”
or carburetor bheat “on" position.

Conduct takeoff withou®. carburetor he=at iiless extrese
carburetor fcing conditicns are present, when carburetor
bkeat may be used 1f approved by aircraft panufacturer, end
vhen cond{tions ar2 guch that there will still be azple
pover tor takeoff sitt-cut mcurrmg engine overiwat dsmase.

Bemln ‘alert cﬁcr ulkeofr for maic.tlam of carretor
icing, especially when the relative bhumidity 1s slove 90
percent, or vhen visille moisture i{s present.

With supplemental {astrumentation, such a3 a carburstor air
teajerature gege, partial carburetor heat shoald be used as
cecessary to m~intain safe texperstures to forestall ieing.
Without such ipstrumen’ation, use full heet but only fmter-
nittently if considered nececsary. s
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- 8. 1If carburetor ice is suspected of causing a pover loss,
impediately apply full beat. Do not disturd throttle
initially, since throttle mcvemwnt may kill engioe 1ir beavy
icing is present. Watch for fuirther pover lose to indicate
effect of carburetor heat, *‘len rise in jover a2 iCe melts.

9. In case carburetor ice persists after e period of Jull heat ,
gradually move throttle to full open pceition and climbd
¥ & rircraft at maximum rate available in conler tc obtair greate
est azount of carburetor heat. If equippesd with mixture
contro., adjust for loanest practicable aixture, (spproech
. this rewedy vith caution - although carburetor ice eenerally
L serves to enrich mixture, the revers: can bL. true; if the
engine is lost through excessive leaning, an airstart might
be impossible with an fced faduction system).

“

10. Avoil clouds as much ac possible., & ; g

N i 11. In severely iced conditions, and when equijped with mixture
: control, bteckfiring the eng.ne can somctimes be effective y 7

io dislodging incuction system lce. Wi4h carburetor hea ¢

contrcl "off,” lean engice while at full throttle (observe i
caution note ir Ko. 9, adove). .

12, Congtder that carburetor icing can oczur with ambient

Tamperzture a3 high a5 100° P, aid humidity ac juv as K ¥
percent. Remain especially ulert to ecarturctor lcing $
rocsibilities with a combination of arbient tem:erature
belov 707 7. and relative humidity sbove &u percent,
Bowever, the poesibility of carburctor f{ee decreurer in *
the range telow 32° P. Thi: {2 be-ause of (a) leszened '

. bumidity as the tecmperature decreusces, and (%) a% arcund
15° I'. ary entralned moisture tecomers lcw erystals which
pess through the irductfon syrtom harmlessly. It should
be rememiered that if the intake alr doec contaln thece
ice crystals, carburetor heat aight actually cauee carbur-
etor fcing by m:iting the crystaic and ralsing tle molsturce
laden air to the carburetor fcing teapsrature range. ,

13. Prior to closed-throttle cperatic,', such as for a descunt,
- apply Jull heat and leave cr throwghout throttled uvequence.

; Periodically, open throttle during uxtended clcsrd tlrottle »
operaticn so Lha*. encugh engine h:at will bte prowuced %o j*
prevent icing. Be prepar<d to remove carturetor hest if
go-around is initiated, ‘

. ' ) 7 :
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1k. Return cootrol to “enld® po.itioa ately sfter

landing. If carburetor hedt should be furtber
cbeerve ground operation prec 33. in (&),
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