October 15, 1945 EQUIPMENT 04,5801
04,5813

the prototype, which was tested for the original certification, may
have been made and may be available. Our experience indicates that
thers may be appreciable differences in the calibration for
different individual airplanes of the same type.

04,5801 POWERPLANT INSTRUMENTS ANO CONTROLS. (See B8 04,650 awo 04.651.)
04,5802 FUEL OQUANTITY GAUGE, (See 3 04,624,)

04,5303 MAGHETIC COHPASS. Twis INSTRUMENT SHALL BE PROPEALY DAMPED AND COMPENSATED
MD SHALL PE LOCATED WHERE )T 13 LEAST AFFECTED BY ELECTAICAL DISTURBANCES AND MAGMETIC
INPLUENGES,

04,5804 MNAYIGATION INSTRUMENTS, MNavigatioN InSTRUMENTS FOR UBE BY THE PiILOT
SHALL BE-$0 INSYALLED AS TO SE EASILY YIS1BLE TO Hir WITM THE MINIMUM PRACTICASLE DEVIA—
TION PROM KE3 NORMAL POSITION ANO LINE OF YIS1DN WHEX HE 18 LOOKING OUT AKD FORWARD
ALONG THE FLIGHT PATH AND YHEY SHALL ALSO BE VISIBLE TO TNE SECOKD PILOY,

04,5805 GYROSCOPIC INSTRUMENTS, ALt evyRoScOoPIC INSTRUMENTS BHALL OERIVE THE(R
ENERGY FROM ENGEINE-ODRIVEN PUMPS O FROM AUXILIARY POWER UNITS, [ACH SOURCE OF EMERGY
SUPPLY AND ITE ATTENODANT COMPLETE INSTALLATION SHALL COMPLY WITHM TRE [NSTRUMENT MARU—
F£CTUIER'S RECOMMEROATIONS FOR SATISFACTORY INSTRUMENT GPERATION, Ol MULTIERGINE
ALRCRAFT EACH INSTRUMENT SHALL WAVE TWO SEPARATE SQURCES OF ENERQY, EITHER ONE OF WHICH
SHALL BE GAPABLE OF CARRYING THE REQUINED LOAG. EWNGINE—DRIVEN PUMPS, WHEN USED, SAALL
BE 0N SEPARATE ENGINES, THE INSTALLATION SWALL BE SUCH TNAT FAILURE OF ONE SOURCE
OF ERERGY GR BREAKAGE OF OWE LINE WILL NOT INTERFERE WITH PROPER FUNCTIONING OF THE
INSTAUMENTS BY MEANS OF THE OTNER SUURACE,

04,581 SAFETY EQUIPHENT INSTALLATICK,

04,5810 SAFETY BELTS., Sarery BELTS SHALL BE $0 ATTACHED TRAT NO PART OF THE
ATTACHHEXT WILL FAIL AT A LOAD LOWER TNAN THAT SPECIFtep 1m § 04,2640,

04,5811 FIRE EXTINGUISHERS, THE PORTABLE FIFE EXTINGUISHER SPECIFIED N
§ 04,510 suaLL s€ 80 INSTALLED AS To BE ACCESSIBLE TO THE PAJSENGERS, THE TWO
PORTAOLE FIAE EXTiNGUISHERS SPECsFizo (n § 04,530 SwatL SE S0 [WSTALLEC THAT ONE (8
READILY AVAILABLE YO THE CREW AND THE QTHER §8 NEAR THE MAIN EXTERKAL GABIN 00OR
WHERE 17 SHALL BE READILY AVAILABLE TO PASSENGERS AND GROUND PERSCNREL,

04,5872 SAFETY BELT SIGNAL. WweN A Syasai OR SIGN 18 USED TO NDICATE TO PASSER™
GERS THE TIMES THAT SEAT BELTS SHOULD NE FASTENED, SUCH SIGNAL OR $EGH BHALL BE LOCATES
IN A CONSPICUOUS PLACE AND 30 ARRARGED THAT IT CAN BE OPERATED FROM THE SEAT OF ELITHER
HLoT,

04,5813 LANDING FLARES, LawpiNg FLANES SHALL BE RELEASABLE FROM THE PILOT'S
COMPARTHENT, STRUCTURAL #ROYISION SHALL BE MADE FOR THE RECOIL LOADS,
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,5821

04,5814 OECERS. PossTive MEANS SHALL BE PROVITED FOR THE DEFLATION OF ALL
wike 80078,

During the official type inspection tests, the actusl operation
and effect upon performance and flight characteristice will be obeerved
for any de~icing devices provided for wings, teil surfaces, propellers,
ete. No hazardous effects on flight charucteristics shall result
during their operation.

04,582 ELECTRICAL EQUIFMENT INSTALLATION,

04,5820 GEMERAL. FELECTRICAL EQUIPMENT SHALL DE IMSTALLED IN ACCORDANCE WiTH
ACCEPTED PRACTICE AND SUYYABLY PROTECTED FROM FUEL, OfL, WATER AND OTHER I’ETIIHFITAL
SUBSTANCES, ADEQUAT! CLEARANCE SHALL BE PROVIDED BETWEEN WIALING AND FUEL AND OfL TANKS,
FUEL AND 01L LIIES, QAlBURETOHS, EXNAUST PIPING AND MOVING PAATS,

04,5821 BATTERY, BATTERY SNALL BE EASILY ACCESSISLE AND ADEQUATELY ISOLAYED
FROM FUEL, 01L AND EQNITION SYSTEMS, ADJACENT PARTS OF THE AILRCRAFT STRUCTURE BHALL
BE PROTECTED WITH A SUITABLE ACID—PROOF PAINT |F THE BATYERY CONTAINS ACED OR OYKER
CORROSIYE SUBSTANGE AND 18 NOT COMPLETELY ENCLOSED, IF THE GATTERY (8 COMPLETELY
ENCLOSED, SUITABLE YENTILATSON BHALL BE PROYIDED, ALL BATTERIES 3WALL BE 80 INSTALLED
THAT SPILLED LiQUID WILL BE SUITABLY DRASXED OB ABSORBED WITHOUT COMING 1N CONTACT WITH
THE AVRPLANE STRUCTURE,

Regulations do not specify minimum permissible capacity for
storage batteries. However, as a general rule, when no generator
is installed, the battery should be capable of carrying the demand
electrical load during a period equal to the cruising enduramnce of
the aircraft without the battery voltage decreasing to less than
80 of normal while under the load which could be expected to exist
at the end of the flight. When a generstor capable of carrying the
running load is inastalled, the above capacity may be reduced to 50%
of the endurance.

The battery must be installed in an accessible location and
adequately isclated from fuel, oil, and ignition systems. Adjacent
structural parte of the aireraft must be protected with a suitable
acid proof paint if the battery contains acld or other corrosive
substances and is not completely enclosed, When the dattery is com-
pletely enclosed, ventilation must be provided since gases from an
active bhattery form an explosive mixturs. A means must also be
provided whereby spilled liquid is absorbed or drained without -
coring in contact with the alreraft structure.

Batteries should not be located in engine compartmenta unless
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Qctober 15, 1945 EQUIPMENT DELELRE
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adequate neasures are taken to guard against possible fire hazards

and the injurious effecte on a battery of excessively high temperatures.

Battery manufacturers have determined that temperatures of 110°F.

and higher cause wooden separators to deteriorate rapidly and

temperatures of 125°F. and higher are injurious to batteries having

coxposition separators. Therefore, the c¢critical temperature specified

by the battery manufacturers should not be excseded. Forced ventila-

tion of the battery container or compartment mey he recessary to guard

against excesaive battery temperatures. This may be provided by

xoans cof a tube leading from the slip stream into the container or

compartment with a suitable vent tube leading out of it.

Leakproof batteries listed in Product & Processes Specification
No. 17 need not be enclossd nor will a drain be required. A suitable
placard should be installed to prevent the installation of a standard
battery in such c¢ases.

04,5827 FUSES, Fuses SHALL BE $0 LOCATED THAT THEY CAN READILY SE REPLACED IN
PLIGHT, THEY SHALL DREAK THE CURRENT 18 A GERERATING SYSTEM AT A SUPFICIENTLY $MALL
CURRENT FLOW YO ADEQUAYELY PROTECT YBE LIGHTS, WADIO EQUIPMENT AND OTHER PARTS OF TME
CInCUIT,

A fuse should be provided in each circuit of the elestrical system,
excopt that no fuse ie necessary in the starter main circuit. A
complete set of spare fuses should be provided. All fuses and spares
pust be accessible to a mepber of the crew while in f£light. The fuse
block should be marked to show the required amperage and to identify
the circuit,

04,5823 GENERATOR, WMEN A GENERATOR 13 SPECIFIED 1T SBALL MAYE SUFFICIENT GAPACHTY
TO CARKY THE ENTIRE RUNKING LOAD., SUCH GEMERATOR SHALL DE ENGTNE—DRIVEN URLESS AN
APPROYED EQUIVALENT SYSTEM |8 PROVIDED, AUXILIARY POWER UNITS WILL BE APPROVED IN
LIEU OF SATYERIES AND ERGINE—DRIYEN GERERATORS, PROVIDED THAT THEY ARE AT LEAST TWO
IN NUMBER AND THAT TNE BUPPLY BYSTEM 18 CAPADLE OF CABAYING THE ENTIAE EUNNING LOAD
WITH ANY ONE UKET QUT OF ACTION,

Generatore are not listed as certificated items of equipment.
A generator of any capacity may be installed on aircraft except that
where & generator is required for a specific operation, such as certain
air carrier and instrument flying operations, it must be of sufficient
capacity to carry the entire running load and should have sufficient
additional vapacity to recharge the batteries. (See CAR 04.58230.)

Wind~driven gensrators should be so located that the extended
propeller swept disc does not intersect any portion of the pilot
or passengere when they are in their reapective seats, unless a
protective strip of metal or other material {s placed between the
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propeller and the person intersected. In addition, if at sll possible,

the swept dise of the propeller should not intersect ary fuel, oil
or hydraulic lines.

It 1s recommended that s fuse or equivalent be installed in the
circuit between generator and battery of all installations. Wiring
muet be protected againet wear due to chafing and against deteriora-
tion dve to o0il or other substances.

D4,5823C RUMNING LOAD, THE RuNa)we LOAD SWALL BE DEFINED AS THE ELECTRIC CONSUMPTION
OF ALL LISHTS, RAD10 EQUIPMENT AMO OTHER ELECTAICAL CEVICES EXCEPT THOSE WHICH ARE®
DESIGNED ONLY FOR OCCASIOMAL I1NTERMITTENT USE, EXAMPLES OF OEYICES REGARDED AS INTER=
MATTENT ANE BADIO BACACCABYING EQUIMMENT, LANDING LIGHTS AXD ELECTRITALLY OPERATED
LANDING QEAAS AND WING FLAPS, Ras1o mAmGE S1GNAL RECEIVERS AND ALL QTHER LIGHTS ARE
COMEIDERED A PART OF THE CORSTANT LOAD,

04,5824 ANCHOR LIGHTS, TeE ANCHOR LIGNT SPECIFIED FOR SEAPLANES AND AMPH{A 1ANS
SHALL BE SO MOUNTED AND INSTALLED THAT, WNEN THE AIRPLANE 15 MOOAED OR DRIFTING ON THE
VATER, 1T WILL BHOW A WHITE LIGHT YIZIBLE FOR AT LEAST TWC MiL23 AT NIGHT UNDER CLEAR
ATHOSPRERIC CONDETLONS,

04,5525 LANDING LIGHTS, ELECTRIC LANDIRG LIGHTS SHALL SE 30 tMSTALLED ON WULTI—
ENGINE ATRGRAFT THAT AT LEAST ONE SHALL BE NOT LESS THAN 10 FEET 70 TME RIGHT OR LEFT
OF THE FIRST PILOT'S SEAY AND BEYOND THE SWEPT DISK OF THE OUTERMOST PROPELLER, On
SINGLE=ENGEINE ATRGRAFT SUCK LIGHTS SHALL BE S0 INSTALLED THAT KO YISISLE PORTION OF THE
SWEPT DYSK OF THE PROPELLER, LF OF THE TRACTOR TYPE, 13 SLLUMINATED THERESY, INDIVIDUAL
SWITGHES POR EACH LIGHT SHALL SE PROVIDED IR THE PILOT'S COMPARTMENTY,
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04,5626 INSTRUMENT LIGHTS, Dasvrumesy LraWYS SHALL SE 20 IHSTALLID AS 70 PROVIDE
SUFFICIERT SLLUMINATION TO MAEE ALL FLIGHT INSTRUMENTE EABILY READABRLE AND SHALL M
T EQUIBPED WITH RMEDSTAT CONTROL FOR DIMMING HNLESS 1T CAX OF 3MOWE THAT & NOM-—DIMMING
LICHT 13 BATi3FACTORY,

04,5827 PosiTioN LIGHTS SHALL BE INSTALLED 80 THAT, WITH THE ATRPLANE 1N NOAMAL
FLYSNG POSITION, THE FORWARD RED POSITION LIGHT IS DISPLAYED ON THE LEFT ${0E AND THE
FORMAND GREEN POSITION LIGHT OX THE RIGHT SIDE, EACH BROWING UKBAOKEN LRGKT BETWEEN
TWO YERTICAL PLANES WHOBE DIHEOWAL AncLE 18 110 DEGREES WHER MEABURES To THE LEFT AND
RIGHY, WESPECYIVELY, OF THE AJAPLANE FAOM DEAD ANEAD, SUCH FORWAAD POSITION LIGHTS
SHALL B FPACED LATERALLY AB FAR APART A3 PRACTICAILE, DNE REAN pOSITION L1GBT SHALL
BE INSTALLED ON THE AIRPLANE AT THE REAR AKD AN FAR AFT A POSSIBLE AND SHALL SHOVW A
LICNT YISIBLE AFT THROUGHOUT 4 OiNEORAL anatt or 140 oremees s13ECTED $Y A YERYIOAL
PLAKE THROUGH THE LONGITUOINAL AXIS OF THE A1NPLANE, Suck LigHY SnatL esty (&) % TNg
CABE OF A NOW-ALR CARRIER AIRPLANE, EITHER A GCONTINUOUZ WHITE LIGNY AS SPECIFIED in
CAR 15,2014 or ALTERMATE RED AND WKITE FLABMES A srecirien i CAR 15,2015, aso (s)

EN TNE CASE DF AN AIR CARRIER AYAFLANE, ALTEANATE RED AND WHITE FLASHES AS SPECIFIED

tv CAR 15,2015, !w LI1EU OF BUCH & SINGLE FLASHING REAR POSITION LIGHT, AN AIAPLANE MAY
CARRY TWO REAR POSITICN LIGHTI, OME RED' AND ONE WRITE, 3PACED AS CLOSELY A% POSSINLE

TO EACH OTHER WITH ONE UKIT ABOVE THE OTHER AND (X COMBIMAYION EMITYING THE RED AND
wRATE FLASHES arecieiEn 10 CAR 15,2015,

*Position lights shall be inetmlled so that, with the airplene in
normel flying position, the forwerd red position light is diepleyed
orf the left slide and the forward green peosition light on the right
side, eath showing unbroken light between two veriical planas whose
dihedral angle is 110 degrees when reasured to the left and right,
respectively, of the airplane fros deed aheed. Such forward position
lighte shall be epeced laterally es far apart aes practicable. One
rear popition light shall be instmlled on the airplane at the rear
and as far aft as possible and sball show a light vieible aft through-
ocut a dihedral angle of 140 degrees bisected by & vertical plane
through the longitudingl axis of the sirplene. §uch light shall
exit {a) in the case of a non-air carrier eirplane, either & continuous
white light as specified in 15.2014 or elternate red and white flashes
as specified in 15,2015, and (b) in the cmee of an air carrier airplane,
alternate red and white flashes ae specified in 15,2015, In lieu of
such a single flashing rear position light, an sirplane may cerry
two rear position lights, one red and one white, spaced es closely
as possible to each other and in combination emitting the red and
white fiashes specified in 15.2015."

All wiring must be firmly fixed to the aireraft structure and
protected againet chafing or rapid deterioration.
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04,5828 MASTER SWITCH, ELecvaicAr (NSTALLATIONS SWALL INCORPORATE A MASTER SWITCHM
EASELY ACCESSIBLE TO A MEMBER OF THE CREW,

All electrical instellations mwust incorporate a master switch.
A master switch is interpreted as being a switch by means of which
all sources of elecirical power may normally be disconnected from the
electrical distribution system of the airplane and from eack other
at a point in the supply lines as near as practicable to the source
of power. In installations which involve only one circuit, the
eircuit control switch xay be considered as a master switch provided
it is a8 near the ungrounded battery terminal as practicabls.

04,589 MISCELLANEQUS EQUIPHENT INSTALLATION,

04,5890 SEATS, J5EATS or CHAIRS, EVER YHOUSH ADJUSTABLE, IN OPEN OK CLOSED AIRPLANES,
SHALL OF SECURELY FASTEINED % PLACT WNETHER OR NOT THE SAFETY BELT LOAD 13 TRARGMIYTED
THROUGN THE SEAT,

04,5891 ACCESSORIES, Emetme—~oRivER ACCESBOAIES ON MULTIERGINE AIRCRAFT SNALL BE
DISTRISUTED AMONG TWO OR MORE ENGINED,
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Oct. 15, 1945 04.6 POWERPLANT INSTALLATION 04,60 -

04,60 ENRINES,

ENGINES SHALL BE OF A TYPE ARD DESIGN WHICK NAS DEEN TYPE SERTIFICATED, OR FOUND
ELIGIBLE FOR USE 1A GERTIPICATED AUNGRAPY, IN ACCORDANCE WITH TRE REQUIREMENTS OF
Part 13 on 3HALL RAVE BEER APPROVED A3 AIAWGRTHY N ACCORDANCE WITH PREYIOUZ REGULATIONS,

The required information may be obtainad by observing the englne
behavior throughout the entire tests. The following suggestions are
offereds

EIngine wibration should feel norsmal at all operating epeeds and
should not result in harzful shaking or vidration of instruments
or other component parts of the alrplane.

Where installations include flexible mounting and engine movement
is large, flexible joints, commensurate witk engine xovement will
be required in al) fuel and oil lines, controls, manifolds, and
covling to insure satisfactory service life.

Conslderation sust be given to the arrangeroent and operation of
engine controls snd instruments. 41l units must be easily operated
from the pilot'e seat and so arrangsd as to minixigze the poesibility
of abrupt or inadvertent operation.

04,61 PROPELLERS,
PROPELLERS BRALL BE OF A TYPR AND BENIGN WNICH MAS BEEM CEATIF'CATED AF AYMUORTNY
I8 ACCORDANCE WITH THE REQUIREMENTS OF PAnT 14 OR SHALL WAYE BEEN APPROVED AS A1RWORTHY
LN ACCOROANCE MIYH PREVIOUS REGULATIONS, EXCEPT THAT WOOD PACPELLERS OF A CONVENTIONAL
TYPE POR UBE 10 LIGNT AJNPLANES NEED NOT BE CERTIFICATED, [N CERTAIN CASES MAXIMUM
ERGLNE BORE LIMITATIONS ARE ALSC ASSIQUED' TO PROPELLERS, PROPELLENS MAY 9E USED OF ANY
ERGINE PROVIORD THAT THE CERTIFIED POWER RATINGS, SPEED RATINGS, AND SORE oF THE ENQINE
ARE NOT (R EXCESS OF TNE LIMITATIONS OF TNE PROPELLER AY CERTIFICATEDR, ARG FURTHER PROVIDED
TRAT THE YISRATION CHARACTERISTICS QF TME COMBINATION ANE SATISFACTORY TO THE ADMINISTRATOR,

The propeller ae instelled on the eircraft must perzit the clearance
provided in 04.611. The "Minimum Perziseidle Diemeter™ which will
be lieted for propellers on the airoraft specification ie that of
the smellest propeller tested, multiplied by .98, This 2 peroent
pargin is arbitrarily chosen as being the maxiwum permissidle reduc-
tion in diameter eof a given propeller whieh will not noticeadly
reducy perforrance. It also provides a margin to allew drussing down
of metal propellers in servics.

Yixed or sdjustable pitch propellers.--The Aircraft Specifioation
for each newly certificated aircraft equipped with & fixed or adjust-
able pitch propeller will specify the following propeller limitiaticne:
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04,87 AIRFLANE AIRWORTHINESS October 15, 1945

Stetic rpo et maximum permissible throttle (Not more than rpn
setting. (Not lese than rpu

Diaget (Not more than inches
speter - - - - - Tess T s == =% = (Not less than inches

Norpally propellers xade from wood will require a different
rapge of static rpm linits than metel propellers. The bmeis for the
preceding limitetions ie surmarlized here for convenient refersnce.

Maximur static rpm.--The maximur permissible static rpm will be
the lower of the two statlic rpm velues deterxined by the wethode
shown below:

a. Using the propeller having boih the smallest diameter and
lowerst stetic rpm with which compliance with the Steady Rate of
Climb, Take-ofy Distance and Firet Minute Climb requirements can be
mety

Maxipup perrdseible etatic rpm = Rated engine rpm ~ (rpm
at ths best rate of Climb Speed - Lowest Static rpm).

b. Using & propeller having both the largest disameter and highest
stetic rpm for which mpprovel is desired, the power-off rpm at placerd
Y., speed must not exceed 110 percent of therated rpm of the engine
at METO power.

Minipur stetic rpm.--The minimum stetic rpm will be established
by the propeller having both the srellest diareter and lowest static
rpm used in demonetrating complience with the Stesdy Rate of Climb,
Take-cff Distmnce, and First MKinute Climb requirements.

Ugximum digreter.--The maximup diezeter will be the smaller of
the two values deterrined by the methods shown below:

8. Maximup dieneter which will permit the clearances specified
in 04.611, (Landplane 9 inches ground clearance, seaplane 18 inches
weter clearance. At least leinch clearance between propeller tips
and structure.)

b, Weximum diemeter used in placard Vg dive tests described in
(v), “Maximuw Static rpm".

Minimum dianeter.--The minimur diemeter will be the diemeter of
the spallest propeller used to demonstrete compliance with the
Steady Rate of Climb, Take~off Distance and Firet Minute Climbd
requiremente as descridbed in "Kinimum Static rpe" multiplied by a
factor of 0,98,

To desonstrate that the vibretion characteristica of the propelle
are satisfectory in any given installation the blade vibration stress
.should be measured under flight conditions. Pest experience has
indicated that this procedure is pecessary with all propellers,
except wood types. In some cases it ie possidle to deterzine the
offect of changes or slightly new combinatiens by ground tesis or
copparisons of previous date, but in moet cases flight teste for
this purpose are necesssry. The propeller manufacturers have the
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stress measurlng syuipmest necessary to accomplieh these tests and
will furnish the reeults to the GAA together with their recommendations
with respect to approval.

04,610 CONTROLLABLE PYTCH, THE cONTROL MECKANISM SHALL BE DESIGNEG AND EQUIPPED
WITH & PORITIVE STOP WHICR SHALL LIiMIT THE MINRIMUM PITCH 30 TRAT TNE TAKE™OFF CRARK™
BHAFT SPEED FOR WHICH THE AVRCRAFT §5 CEATIFICATED 1S NOT EXCEEOED DURINS TAKE-UDFF
WITH TAKE=OFF POWER UNLESS {7 1§ NECESSARY T0 SO LOCATE THE STOP THAT A HUIGHER CRANK—
SHAFT SPEED MAY BE USED IN AN EMERGENCY, THE MEAXS PROYLOZD POR CONTROLLING THE PITOM
SKALL BE 30 ARRANGED AS TO MINIMIZE THE ATTENTION REQUIRED FROM A PILOT TO PREVENT THE
ENGINES FROM EXCEEDIXG THEIR CRANXSHAFY SPEED LIMITATIONS UNDER ANY FLIGHT CONDITION,

Controllable propellers.--The high pitch stop should be such
that 110 percent of METO rpm will not be excesded in power-off
dives at placard "Never Exceed” speeds.

Constant spead propellers.-~A conirol stop should be provided
which will 1limit the low pitch range to the naximum permissible
take-off rpm. .

All stope should, when practicable, be locmted at the propeller
goveranor or hub in order to reduce to a minizmum the adjustments
required in service.

Full feathering propellers.~~Gonments regarding requirements
for control stops on constant speed propellers are also pertineamt
to full feathering propellers. The mechanism should be operated
in flight to demonstrate satisfactory operation to full feathering
position. These checks can usually be made during tests for one
engine inoperative performance.

Add following te “Controllable propellers™i«-
The positive low pitch stop in the hub should be so0 located that
the allowable take-off rpm ie not exceeded during the take-off
and initial climb at best rate of climb speed at the maximum
permissible take«off manifold pressure.

Substitute for the first sentence after "Constant Speed
Propellers™g=-
The positive low pitch stop in the hub should be so located thet
the maximum static rpm of the engine does not exceed the mllowable
take~off rpuw with maximum permissidle take-off menifold pressure
and no wind.

04,611 PROPELLER CLEARANCE, PROPELLERS SHALL HAYE K M{KINUM GROUND CLEARANCE
oF 9 tNCHES WHEN THE ALRPLANZ §8 )N A HORIZOKTAL POSITION WITH THE LANDING GEAR DEFLECTED
A3 T WOULD B€ UNMDER THE MAXIMUM AUTHORGZED WEIGHT OF THE AIRPLANE, PropELLERS ON
SEAPLANES BHALL CLEAR THE WATER BY AY LEAST 18 (NCHES WHEN THE SEAPLANE 1S AT RESY
UNDER THE MAXTMUM AUTHORIZED LOAD CONO{TION, A CLEARANCE OF AT LEAST 1 (NCH SHALL BE
PROVIDED BETWEER THE TIP3 OF PAQPELLERS AND ANY PART OF THE BTAUCTUAL,
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If the airplane is so¢ designed that the normal ground attitude
is nore critical, from the standpoint of decreasing propeller clearance,
than the horizontal attitude then the clearance should be measured
in the normel ground attitude. The location of the center of gravity
position should be such as to produce the most eritical condition
and shock struta and tires should be checked for rescinended pressures
before making measurements.

A minimum clearance of 1/4-inch between the blade or hub and the
cowling 1s recommended, and if variable pitch propellers are used
this clearance should exist under the femthered or highest pitch
condition.

04,62 FUEL SYSTEMS,

04,62G CAPACETY AND FEED, Twe FuEL CAPACITY SHALL BE AT LEAST 0,15 eatLow PER
MAXIMUM {EXCEPT TAKE-OFF) HORSEPGWER FOR WHICH THE AIRPLANE 18 CERTIFICATED, A1a—
PRESSURE FUEL SYSTEMS SHALL MOT 8f usto, OHLY STRAIGHT GRAVITY FEED OR MECHANICAL
PUMPING OF FUEL 18 PERMITTED, THE SYSTEM SHALL BE S0 ARRANGED THAT THE EXRTIRE FUEL
SUPPLY MAY BE UTILIZED 18 THE STEEPEST CLIME AND AT THE BEST GLIDING ANGLE AND 50 THAT
THE FEED PORTS WILL NOT BE UNCOVERED DURING NORMAL MAREUYERS INVOLVING MODENATE ROLLING
OR SIDE SLIPPING., THE SYSTEM SHALL ALSO FEED FUELS PROMPTLY AFTER ONE TANK HAS RUN
DRY ANO ANOTHER TANK S TURMEO ON, |F A MECHANICAL PUMP 1S USED, AN EMERQENCY HAND
PUMF OF EQUAL CAPACETY SHALL BE INSTALLED AND AYAILABLE FOR EMMEDIATE USE IN CASE OF
A PUMP FAILURE OURING TAKE-DFF, HAND PUMPS OF SUITABLE CAPACITY MAY ALSO 8E USED FOR
PUMPING FUEL FROM AN AUXTLIARY TAKK TO A MAIN FUEL TANK,

The capacity of each tank i{s to ba determined by placing the
airplane in its normal ground attitude and filling the tank by reans
of a rmeasuring pump or a container of known capacity. The tank
quantity gauge is to be calibrated with the airplane in the level
flight attitude. When required, the wobble pump must be so inetalled
that its control is inmediately available to the pilot should the
engine pump fail. The emergency pump pressure relief valve should
be adjusted to ensure satisfactory fuel pressure and preclude excessive
flocding of the carburetor when the pump is operated. See CAM 04.725
re flight check of Fusl Syster Operation.

04,621 TANK INSTALLATION, HNo FUEL TANK SHALL BE PLACED CLOSER TO AN ENGINE THANW
THE REMOTE SIDE oF A FIREWALL. AT LEAST ONE“HALF JNCH CLEAR AI&® SPACE SHALL BE ALLOWED
BETWEEN THE TANK AND FIREWALL. SH«CES ADJACEKT TO THE SURFACES OF THE TANK SHALL BE
. WEKTILATED SO THAT FH_HES CANNOT ACCUMULATE OR REACH THE CREW OR PASSEXGERS IN CASE oOF
LEAKAGE. IF Two OR MORE TANKS HAYE THEIR OUTLETS, INTERCOWNECTED THEY SHALL BE CONSIDERED
AS ONE TANK AND THE AIR SPACE IN THE TANKS SHALL AL30 BE IRTERCOMNEGTED TO PREVENT
DIFFERENCES (N PRESSURE AT THE ACR YENTS OF EAGH TANK OF SUFFICIENT MAGNITUDE T5 CAUSE
FUEL FLOW BETWEEN TANKS, HecHARICAL PUMP SYSTEMS SHALL ¥OT FEED FROM MORE TNAN ONE
TANK AT A TIME EXCEPT BY SPECYAL RULING FROM THE ADMINISTRATOR,
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October 15, 1945 PORERPLENT “HSTALLATION 04,622

Tank supporis should bde paddad to minimize vibration and preclude
the poesibility of shafing., Materisla ueed for padding should be
non-absorbent, or treated to prevent the absorption of iiquids, The
attachment to the supporting structure must be secure and sufficiently
rigid to prevent movement or shifting.

A1l fuel tanks in passenger compartments should be enslesed by a
wall ventilated end drained snclosure to prevent fumes from ascurulating
or reaching passengers in the event of leamkage. In small aircraft,
however, tanks of 25 gallone or less, located in the forward position
of the cabin, ahead of the instrument panel, need not be enclosed if an
excess of ventilation is provided.

If special fusls (high octane for take-off)} are to be carried in
the airplane, the filler opening should be preperly marked and a suitable
placard installed at the sockpit fuel valve sontrols to insure that the
proper tank will be used during teke-off.

04,622 TANK CONSTRUCTION, Faci rUEL TAEK SHALL BE PROVIDED WITH ELTHER A Suup
ANO DRAIN LOCATED AT THE POINT WHICH i8 LOWEST WHENW THE AINPLAME 15 1N A NORMAL POSITION
ON THE GROUND OR QUTLETS AT THE S0TTOM OF THE TANK PROVISED WITH LARQE MESM FINGER
STRAYNEARS, [F A SUMP 13 PROVIDED, YHE MAIN FUEL SUPPLY SHALL NOT BE DRAWN FROM THE
BOTTOM CF THIS Stmp, IF NO SUMP {8 PROYEDED THE SYETEM DRAIN SHALL BE COWTROLLABLE
FROM THE PRLOT'E COMPARTMEET AND SHALL ACT 48 A TANK ofdti, [FacH TANK SHALL BE SyiTAsLY
YENTED FROM THE TOP PORTION OF TWE AN BPAGE, SUCH AIR YENTS SHA'L Bi 8p ARRANGED A
TO MENIMIZE THE POSS1BILITY OF STOPPAGE BY OIRT OR UCE FOAMATION, WHEH LARGE FUEL
TARKS ARE USED, THE S1ZE OF THE YERT TUBES SHOULD SE PROPCRTIONED 30 A3 TO PERMIT
RAPID CHAHGES 1% INTERNAL ASR PRESSUAE TO OGCUR ANG THERENY PAEVENT COLLAPSE OF THE
TARKS IN A STEEP GLIDE Of DIVE, TANkS ofF 10 GALLONS OR MORE CAPACITY SHALL BE PROVIDJED
WITH IRTEAXAL BAFFLES UNLESS BUITABLE EXTERNAL SUPPORT 1S PROVIDED To RESIST SuRarve,

Each fusl tank should be designed to incerporate sn expansion space
of at least 2¢ of the total tank volume. If possible, the filler neck
should be 8o located thet this expansion space oannot be inadvertently
filled while the airplane is in the normal ground attitude. However,
it will be acceptadble to locate the "FULL"™ mark omn the gauge or in the
filler neck at a point which will provide a 2% sxpansion space when the
fuel is at that level. A plzcard siating that the fuel level should not
exseed a certain point (which will allow a 2% expansion &pacs) is also
considered sufficient. Each tank should be vented from the top portion
of the air space in the tank to permit{ a sufficient flow of air to
equalize internsl and external pressures during rapid changes in
altitude or the removal of fuel from the tank.

Vents and vent linas should bs suitsbly arrsnged to avoid the
¢collection of water and should be so designed and installad as to
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Tank supperis shauld s pedded %o mialmise wibrabion
the poselvility »F cmeding, Helerisls used for padding e
ron=-absorbent,. o0 Lranted 4o prevent ihe shaorption of wihia,  The
attachment to ihe tupporting structurs muet be seture wwd u¥ficiently
rigid to prevsat movament or shiftinpg.,

All fuel tanks in passanger compartments zhould be en-
well ventilated and desined snclozurs to prevsnt fuwnes £
or remching paseengers in ihe eveant of leskage. In smal ¥
however, tanks of 25 gsllens or lces, laonted in the foun position
of the eabin, ghend of the instruwoent panel, nsed nok be srelesed if an
exceds of ventilmtion 1n provided.

If special fusle (high votsse for take-oi?} are %o bu surried 1n
the airplanc, the filler spening soould bs properiy mevied and & sultable
Flacard inastall=4 et the c9skpit fuel walvs soncrals i
proper tank will be awed ducing toke-off.

04,622  TANK COMSTRUETION, Facw ruge wi%s SplLL BE PHOVREED WHTH E1T404 & SUNP
AND BRAEY LOGATED AT THE SotET BHINE {5 LOWE4T WAES Y2 AUAFLASE 15 1B & Yensal FOSITHOS
ON THE GROUED GR OWYLETS &% ¥HE S0TSHM OF THE TANK Pa0vi080 WITH L4RGE HESH °UiNGER
STRASNERS, iF & SpF 1§ PHOFISED, TERE MATY BHEL SUEPLY SNALL BOY BE DRAME U0 TEHE
BOTTGH OF S312 BuMp, IF 9 BEOLH OPRDYIREL THE STEVES DRATY EMALY BE (ONVNOLLABLE
FRGM THE #1107 E CORPANTAZET Aub 2hALL ACT &S A 7AiMk BUASE, F20R TAER SWALL DY SUITABLY
YERTED FRON TRE TOP PORTION GF THE KR EPRAE, 50O AER VENYS &aB'L 82 Bo Avkained 28
TO MINIMIZE THr PESSIBILIYY OF ETOFPAGY 8Y RIRT OR ICF FOBMATINH, Ke@g LANE EugL
TARKS ARE USEN, THE SiZé oF YHE YEUT TUBLY SHOULD F& PROFURTIOHES 39 A3 T wiRpiy
RAPID CHAHAES i# IRTERIAL 1R PRESSURE TC OUCHR AND VFEREAY PREVEYT GOLLAPYE GF THE
TABKS §8 A STSEF QLIDE 2% 0uvi, TREES oF 10} GALLOWS OR MOAC GAPAGITY BHALL 2§ e0viIBED
W1TH IXTERMAL BAFFLES UMLESS JUITABLE EXTERNAL SUPFORT 19 PROVIDED TO RESIIT SURSING,

Each fuel tank should ba designed to imcorporsbe an supausion spade
of at lemst 2% of the totnl tonk volumes. T possinie, tho Fillar neek
should be o0 located that this sxpansion 3pzus Jamneht ke Lnwdvartsntly
filled while the airpluas is in the norasl ground altltude. However,
it will be azceptable to lcoate the “FULL® wark en tho zsuze or in the
filler neck st a point which will previde & 2% supanwion spscs when the
fuel is mt that Jewsl. & placsrd siatiog 4het the Fusl lewal ashonld net
exceed e osrtain poind yehish will allow a 2% expansicn spacas) 18 mlado
considersd suffisisent. Each bank should bs ventsd frow the Loy portion
of the alr spees in the $enk to perwli g saffislent [low of
equalize iuterns’ awd exleraal pressursa durlag redis
altitude or the wemews? of fuol Froaw tha tank.

Vents snd vendt Linss ghould Ba suiiably erranged $o wvoeld dhe
collection of watsr snd should e se designed mud isetwllad sa Go
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04,623 AIRPLANE AIRWORTHINESS October 15, 1945

preclude the possibility of their becoming clogged by 1ce or dirt in
flight or servicing operations. In the small tanks usually installed
in light airplanes where ventilation is mecomplished by pin holes in the
filler cap, two or more such holes should be provided in the cap for
safe operationy where the float and rod type fuel quantity gauge is used,
the clearance hole for the rod is considered adequate venting as this

type of venting, due to the vibration of the rod, has proved satisfactory
in service.

An airspace balancing line must be provided when tank outlets are
interconnected, in order that such tanks will not "“pump over" and over-
flow or feed unevenly due to alr pressure differentials.

If s controllable system drain is used for a tank drain it should

be so arranged as to alao permit draining the strainer sump while in
flight.

04,623 TANK STRENGTH, FUBL TAKKS SHALL BE CAPABLE OF WITHSTANDING AN (NTERNAL
TEST PAESSURE oF 1/2 PoURDI PEA SQUARE INECH WITHOUT FASLURD OR LEAXASE, FUEL TAMNKS
OF LARGE GAPACITY WHICH HAVE A MAXIMUM FUEL DEPTH GREATER THAN 2 FEET SHALL BE |XYESY1GATEL
FOR THE PRESSUAE DEVELOPED OURING THE MAXIMUM LIMIT ACCELERATION WITK FULL TANKS,

TANKS SHALL BE S0 DESSBHED, AND THE RIVETS OR WELDS S50 LOCATED, AS TO REBIST YIBRATION
FAILURES OR LEAKAGE,
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04,624 GAUGE, A SATISFACYORY GAUGE SHALL BE S0 INSTALLED ON ALL ATRPLANES AS
TO INDICATE READILY TG A PILOT OR FLIGHT MECHANIC THE QUANTITY OF FUEL 1% EACH TANX
WHILE W FLIGHT, WHER TWO OR MORE TAMKS ARE CLOSELY INTERCONMECTED AND YENTED, AND Y
18 IMPOSSIBLE TO FEED FROM EACH ONE SEPARH’ELY, OHLY OME FUEL-LEYEL QAUGE REED AE
{RSTALLED, ]F A GLASS QAUGE (8 USED. [T SHALL 8€ sm_nsu PROTECTED AGALNSY BREAKAGE,

The tank gauge accuracy must be checked by placing the airplane in
its level attitude and filling each tank by adding successively quarters
(or less) of the tank capacity as determined in 04,520,

04,625 LINES AND FITTINGS, Ace FUEL LENMES AND FITTINGS BHALL BE OF SUFFEO1ENT

SIZE S0 THAT UMCER THE PRESSURE OF RORMAL OPERAT(ON THE FLOW I$ WOT LESS THAN OQUBLE

THE NORMAL FLOW REQUINED FOR TAKETDFF ENGIYE POWER, A TEST FOR PRGGF OF COMPLIANCE
CWITH THIS REQUIMEMENT SHALL BE MADE, MALL FUEL LINES SHALL BE $0 SUPPOATED AS TO PREVENT

EXCESSIYE YEBRATION AND SHOULO BE LOGATEOD 0 NO STRUCTURAL LOADS CAN BE APPLIED,

BERDS OF SMALL RADIYS AND VERTHCAL WUMPS §M THE LIWES SHALL BE AVOIDED, COPPER FUEL

LINES WHICH HAYE GEEN BENT SHALL BE ANWEALED BEFORE INSTALLATION, PARTS oF THE FUEL

SYSTEM ATTAGHED TG THE ENGINE AMD TO THE PRIMARY STRUCTURE OF THE AIRPLANE SHALL BE

FLEXIBLY CONNECTED THERETO, FLEXIBLE NGBE CONNECTIONS AND PUEL LIRES SNALL HAVE METAL

L1NERS OR THE EQUIVALENT, FITTINGS SHALL BE OF A TYPE BATISFACTORY TO THE ADMINISTRATOR,

Product and Process Specification No. 3 lists flexible hoses whiah
have been approved for use in airplanes. (Notes--letal liners are not
now required in flexidle hose connections.} The fuel lines should slope
toward draines 80 as to Pform a downward angle of at least 3° with the’
airplane in the normal ground attitude. Vertical humps in lines tend
to form airlocks and should be avoided, Low pointe in fuel lines should
also be avoided as they often collect water which freezes at high altitudes
or when cold air is encountered in flight, thus shutting off the fuel
supply. Fuel lines should not be routed in close proximity to the
exhaust unless suitable precautions are taken to preclude possibility
of fire due to leakage or of vapor lotk due to elevated temperzturaea,

The snds of all tubes having outside diameters greater than 3/8"
used in flexivle hose connections should be bemded. A fuel feed line
size of less than 3/3 0.Ds x .032 tubing with corresponding fittings
should not be used unless properly substantisted. If the combined length
of the feed lines and fittings from the tank to the carburetor is in
excess of 10 feet, the sire of the line should not be lees than 1/2 xz
«035 0.D. tubing.

The fusl flow requirements of this part are interpreted in two ways
depending upon whether the fuel system is gravity or pump operated.

Gravity Systeme. The morumal flow required for take-off power
is interpreted to be .6 pounds per take-off brake horsepowser per
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hour. Useing this figure, it is necessary in order to show compliance
with the double flow requirement, that one gallon of fuel shall
flow at the carburetor inlet or bowl in not more than:

18,000
BHP Seconds, where

BHP is take-off brake horsepower for one engine. Compliance must
be demonstrated by test for each tank and with the airplane, if

a conventional tractor type, either at ths normal ground attitude
or the attitude of best angle of climb, whichever is oritical.
*Critical® in this case means producing the lowsr hydrostatic head
at the carburetor,

Pump Systems. In the csse of pump systems, doudle flow is
interpreted to mean .9 pounds per take-off brake horsepower per
hour or 1104 of the take-off specific fuel consumption guaranteed
by the engine manufscturer, whichever is greater. In order to show
compliance with the requirement it is necessary that one gallon
of fuel shall flow &t the carburetsr inlet or bowl in not more
then: -

24,000
BHP

21,600
B.H.P, x 1.1 (T.0. Specific Fuel Consumption)

Seconds, or

segonds, where

BHP is take-off brake horsepower of the engine or engines fed by
the tank. Compliance must be demonstrated by teets such as are
4escribed above for gravity systems.

Fuel system flow charaoteristics should be obtalned with the
entire fuel eystem a3 installed in the airplane. The adbility of
the lines and fittings to provide sufficient flow is more readily
determined by this method and separate investigations of each item
are avoided. Gasoline of the physical propertlies and octane to be
used in service should flow at the rate specified above at the
pressure recommended by the carburetor or engine msnufacturer for
satisfactory operation of the installation involved., In the case
of gravity systems, the hydroestatis head at the carburetor inlet,
with the airplane in the critical attitude as regards fuel flow and
with low fuel (see 04,.725) in the tank, should be equal to or greater
then the minimum pressure so recommended.

The flow will be measured at the float chamber drainm or jet
drain when possible with float type carburetor and at the inlet
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with other types. ¥hen these drains are used they may be restricted
#0 that the carburetor needle valve will furnish the required pressurs.

Al) systsms require official demonstration with f£light operating
conditions duplicated on the ground. This includes gravity, engine
driven pump and wobble pump systexs, PFor purposes of the ground
tests, the engine driven pumps may be driven by electric motors
duplicating the take-off speed of the pump. In some instances,
howsver, it may be possible to determine that engine driven pumps
are satiafsctory based upon the manufaciurer's data; e.g., when the
pump rating is greatly in excess of the capacity required.

The following procedure is recommended in conducting the
necessary testsy

- Critigal Airplane Attitude. For conventionsl tractor airplanes
the fuel tanks are gll ordinarily aft of the ocarburetor inlet,

For this reason conditions grow less favorable for fuel flow the
further the airplene is rotated in pitch, "nose~up". 1In corder to
deternine the critical attitude in which the flow tests are to be
conducted, information sconcerning the attitude of the airplane

with respest to the ground while fiying at best angle of climb 1w
neceasary. This information can be odbtained, after the speed for
best angle has deen odtained from the results of the testing required
under CAR 04.702, by mounting a protrsctor in a vertical plane in
the airplane with its index line perpendioular to the airplane level
datum, suspending a plumd line from the center of the protractor,
flying the eairplane steadily at best angle of climb and reading the
angle at the intersection of the plumb line with the scale of the
protractor, A similar reading way be made with the airplane in the
normsl ground attitude. The greater of the two readings should be
used for the purpose of the tests.

Flow Tests. Prior to beginning tests the fuel eystem should be
completely drained and the feed line to the carburetor dieconnected
at the carburetor inlet, If thies connection ies made by means of a
reducing nipple, the nipple should remamin attached to the line¢ so
that the flow will de measured through the nipple. For each tank
tested, the eystem should be set to feed frow this tank only.
Measured quantitiee of fuel should be slowly added to the tank
until steady flow is establizhed at the carburetor end of the feed
line. The total gquantity of fuel which has been added to the tank
should be noted and recorded. Systems requiring an exceseive inltial
amount of fuel to produce stendy flow are unsatisfactory since they
tend to airlock.
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Satisfactory flow should be obtained with low fuel as defined in
CAM 04.,725. One additional gallon of fusl should be added to the
tank and the time, in seconds, required for this gallon to flow
should dbe observed and recorded. In the case of pump fed systems,
the hand pump is %0 be operated at not more than 120 sirokes (or
60 cycles) per minute.

In the case of fuel systems which are symmetrisal with respect
to the plane of symmetry of the airplane, one tank ocanly of each such
pair of tanks symmetrioally located need bae tested provided it is
obvious that the results of such test will be valid for both tanks.

Where flowmeters are instmlled, the system should either supply
the required fusl flow at the ¢arburetor with the flowmeters in
operation or in the event the flowmeter imposes sufficient restric-
tion ia the system to prevent the attainment of this required flow,
an adequate by-pass arrangement should be provided to permit the
fuel to by-pass the flowmeter ai take-off. The system shoyld then
be placarded to the effect that this by-pass must be opened for all
take-offs,

04,626 STRAINERS., Ome oR MORE STAAINERS OF ADEQUATE S1ZE AND DESIGN, 1NCORPORATING
A SUITABLE BEDINEAT TRAP AND DAAVN, SHALL BE PROVIOED )N TRE FUEL LINE BETWEER THE TANK
AND THE CARBURETOR AND SNALL 8 (WSTALLED §N AN ACCESSISLE POSITiok, THE SCREEN SHALL
O EASILY REMOYABLE FOR CLEANING,

04,627 VALVES. OuE o moRE POSITIVE AND QUICKACTING VALYES TRAT Wili SHUT OFF
ALL FUEL YO EAGH ENGINE SMALL BE WITHIM EASY AEACK OF THE FIRST PILOT AND THE SECOND
PILOT OR OF THE FLIGHT MECNANIC, [N TPE CASE OF AVAPLANES EMPLOYING MORE THAN ONE
SOURCE OF FUEL SGPPLY, SUITABLE PROVISION SHALL BE MADE FOR {ROEPENDENT FEEDING FAOM
ZACH SOURCE, .

Valves which require more than gne turn for complete operation
are not considered satisfactory. A valve is mot considéred suitable
or positive unless its on and off positions can be definitely indiocated
at all times. Notch stops should be such that they may be readily
felt when operating the valve.

04,6270 OUNP YALVES. WHEW PUEL TARKS ARE £QUIPPED WITH DUNP YALVES, THE OPERATING
MECHANISM FOR SUCH YALYES SMALL BDE WITHIN CONVENIENT REACH OF THE FIRST PILDT AND THE
SECOND PILOT, OR OF THE FLIGRT MECNANIC, DUMP YALVES SHALL BE 30 INSTALLED AS TO
PROVIOE FOR SAFE AND RAFID DESCHARQE OF FUEL,

04.528 DRAING, ONE or HORE ACGESSIOLE ORAING SHALL BE PROVILEG AT THE LOWEST
POINT ON THE PUEL SYSTEMZ TO COMPLETELY ORAIN ALL PARTS OF EACH SYSTEM WHEN THE AIRAPLANE
IS IN ITS NORMAL POSITION ON LEVEL GROUND, SUCH GRAINE 3HALYL DISCHARGE SLEAR OF ALL
SARTS OF THNE MRPLANE AND SHALL BE EQUIPPED WITH SUITADLE SAPETY LOCKS TO PREVENY
ACCIOEATAL OPENING,
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04,6291

04,628 MISCELLANEQUS FUE! CYSTEN REQUIREMENTS.

04,6293 FILLER OPENTNGS., ALL #ILLER OPEXINGS 1M THE WUEL SYSTEM SHALL SE PLAINLY
MARKED WITH THE CAPACITY AND WORD .FUEL.' PROVISION SRALL BE MADE TO PREVENT ANY
OVERFLOW FROM ENTERING THE WiING OR FUSELAGE,

The xinimum fuel oc¢tane number should slsoc be marked at the
filler opening.

04,6291 PREVENTION OF ICE FORMATION, AN ACEQUATE MEANS SHALL BE PROYIDED £0R
PREVENTING THE FORMATION OF 1CE LN THE EXAINE CARBurtroaS, (See atso § 04,532 (1),)

1. General

The intake and carburetor passages should be arranged so as to
avold insofar as practical, the formation of ice. A hot air supply
should be provided which is sufficient to permit eafe operation under
icing conditions, except in the case of diesel or fuel injection
engines to which special rulings are applied. The use of any soreen
In the hot air system will only be permitted where over 100°F. heat
rise is available for where a 40°F. heat rise is available together
with a fluid deicing system is employed and so located that delecing
provisions on the screen, ete., are effective. A screen may be used
in the cold air intake provided it can be shown that no hazard exists
if.the screen should become clogged. A separate cockpit aontrol is
necessary for each englne to permit the pilot or flight mechanic
to vary the carburetor air supply from full cold air to full hot air,
This does not prevent the use of a two position heat control when
the heat rise available is comparatively low and a fluid deicing system
is employed.

The amount ¢f heat aveilable will be determined by measuring
the temperature of the air before it enters the carburetor with the
heat eontrol in the fuel hot position. The heat rise is defined as
the difference between this tewperature and the outside alir temperaturs.
Cars should be exercised that the method of measuring the temperaturs
of the air as it enters the carburetor will give an indication of the
average temperature of the airflow through the intake and not just
a stratur of air. This ocan be accomplished by taking temperatures
at several points in the cross-section of the air intake eimultaneously
and by being assured that the “full heat"™ condition has fully stabilized
before recording the reading. Temperature measurements taken beyond
the venturi are unsatisfactory. Any appreciable power lees due to
heat or decreased ram should be determined.

All carburetor air heat rise requirements must be met at an
125-4
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outside air temperature of 30°F. with the airplane in level flight
at 75% maximum except take~off power.

Sea Level Engines With Conventiona) Ventur{ Carburetors. (Such
as sea level engine with Stromberg or Marvel eircular venturi
ecarburstor.) A4 minimum temperaturs rise of 909F. should be attainable
unless the intake manifold has design features near the venturi which
contridute appreciably to raising the mixture temperature or the
temperature of intake passage. Where these features are present, a
60° rise may be considared satisfactory if based upon service
experience under severs lecing conditions,

Altitude Engines with Conventional Venturi Carburstors. A minimum
temperature rise of 120°, unless service experience with the type
of airoraft hes indicated that 110° is satisfastory for the particular
operation involved, should be attainable. In such cases, a suitable
heat indicator shall be provided to guide the pilot in his use of
intake heat,

Altitude Engines Incorporating a Cem Type Venturi or Injection
System, One of the two following requirementes shall be met:

a. A minimum temperature rise of 40° from a hot air source
primarily dependent upon exhaust heat, and an suxlliary emergency
deicing syster controllable from the cockpit utilizing aleohol, or
other suitable deicing fluid, which is suitably discharged in the
intmnke syster so as to remove carburetor and adapter ice. The
emergency system need only be used under extreme conditions, sincs
compliance with the 40°F. heat rise avallable and other design pre-
cautionz is intended to prevent the formation of ice. Or,

b. A minimum temperature rise of 100° with a suitable intake heat
indientor. The hot alr source should be primarily dependent upon
exhaust heat.

Method (a) above is considered preferable in view of adverse
effoects on engine reliablility and power by the sole use of method
{b). Method (a) further requires less attention upon the part of
the crew.

2. Test Procedure

The installation should be checked in acoordance with the
interpretation adbove. The propeller used should be one which will
not exceed 110% of the METC RPM in level flight at maximum permissible
throttle setting on the particular airplane being tested.
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The aircraft should be loaded to gross weight with normal c¢.g.
position. It is not nscessary to refuel during the test nor to keep
account of fuel consumed.

For sea level engines with nc wanifold pressure gauge and with
any except s constant speed propeller, it will be necesasary to obtain
readings at a minimum of three different altitudes in arder to
intergolnte the heat rise at 757 power with an outeide air temperature
of 30". One altitude should be approximately 500 feet above the ground,
anothar at 8000 feet, and the third approximately the mean between
these two. In any csse, the maximum outside air temperature variation
should be utilized end a minimum differential of 20° is preferred
it prevailing air tempsratures are 50°% or higher. In the event an
outeide air temperature of 30°F. is present at an altitude where a
suitable range of BHP can be attained for establishing the scarburetor
air heat rise at 75% METO power, the flight test need only be
perforzed at this altitude. For altitude engines with any type
ropeller, including constant speed, the same procedure is applicable
as is described for sea level sngines above, except that the highest
altitude should be that at which ?5% of rated power can be attained
with full throttle.

For sea _level engines, the airplane should be flown in level
flight on full cold air and naximum permissible thrattle setting
at the first of the chosen altitudes., After steady flight is
attained, the following data should bYe recorded:

(1) Outside air temperaturs
(2) Pressure altitude

{3) Carburetor Air Temperature
(4) Indicated airspead

(5} Engine RPM

When this 1s done, and while maintaining level flight, briekly move

the carburetor heat control to the full hot position. (The control
should operate in such a fashion that it will be unnecessary for the
operator to hold it "full on"™.) When the carburetor inlet air tezpera-
ture has stabilized, the following data should be recorded:

(1} Carburetor air temperature
(2) Indicated airspeed
(3) Engine RPM

Next reduce the IAS to 90% of the value obtained above at full throttle
on full ccld air while continuing in level flight at the same altitude.
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The same procedure should be repeated in this condition as above at
full throttle and the same data recorded.
The sere procedure should be repeated at each altitude selected.
For altitude engines, the smame procedure is applicable as for

sea level engines above, except that manifold preesure is recorded
in addition to the data specified above.

3. Corrections of Flight Data

The data obtained above iray be completed by weans of the sample
. Carburetor Heat Rime Work Shest shown. A sample graph which illus-
trates the forw the data takes when plotted is also shown.

Notes For supercharged engines equipped with manifold pressure
gauges and any propeller, the work sheet should be completed
as explained for sea-level engines, with the exception that
indicated power, is read directly from the power ocurves for
the engine.
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FLIGHT DATA SHEET FOR CARBURETOR HEAT RISE
OBSERYED FLIGHT DATA

Press 0AT CON- FULL COLD ' EUiL HEAT

weemwoe | (F)Jomon {5 L s | oeen ol AR s | e ]
Tt o |
0% F1 . 71

90% FY |

i
907, FT ' 1
1S :hL

COMPUTED DATA

PRESS | CAT [ S1D, | DIFFC oW FULL QOLD FOLL FEAT
ALTITUDE | FULL [ DAT | + on —{ CITION P v I
cod | (°F) T1AS |1 Bup P T P | %8HP || HEAT RIS
FT
90¢
FT
904
F1
90¢
FT
804
O[O @ [@[O[O [0 [® [T

(1} ©8s, FLT pata wRom Amove, (6) Facror raon SL vs Aut, Power (Fis, 47)

(2) Faom Fre, 46 (CAM O4). (7) 1.000 * .00 eacw oeenee Sto OAT 18

{3) (V)2 Deenzes Svo OAT is asove {+) apove/neLow Cans, Atn Temr,

or serow(—=) Cams. Ain Tems,  (8) BHR=(5) x (6) x (7).
(4) from Arasereo Cartsaarion, (8) £ HP={(8) # METO HP,
{5} FT raom PoweasCunve, 907 FT 1BHR= {10} Hear Bise = Furt Hear Came, At Tewe,
(ROM/RPM=2) ~ x IBHPey, nings Our, Ain Tene,
frarus: (A) EI.OT (9} awo ({U)-

(B) From (A), rror Hear Rise ar 75% HP witw cosresronoina Our. Air Tewe,

125-h



04,6291 AIRPLANE AIRWORTHINESS ocl. /5, 1945

: R S —
) e GRAPH_SHEET 'r
| - CARBURETOR AIR HEAT RISE ||
NI =1 = ; O ' )
§ASERE TR T R I HLiL' ;[ Ly i
b ' S b-F :r‘ | g e
3 i ) - -
:
- - o
S ‘&& 7 b | t
N ; - T 1
,,,ll, | B
e
» 1) 11 i
TP =t ! T ]
ERSRERE Fou ST . : :
L i
i |
| 7 7 il Ol ]
= | =
] T 1 i
.4.4” o :
r ! l od
Ll N 1§ N
- 1 { A A
, 1
r rb 1
i | | [ ; IR P ]
! & . i =+
} +- . N
4— b - E 4 e b _r__L R
L iy 15k — !
t o . =
12 2 b P,_; 1 ( i -t r—t—g
crea, (o pear s = e | ][]
IENERE OUTSIDE ATH TEMPERATURE .
HE V6. I

o

CARBURETOR AIR HEAT RISE AT 75% METO POWER '

{Sea Above curves for Values to Plet Foints) ,r

BN \ T
‘ . ’ LH
{ T ; T T
A : NERREAN ;
i- . 1 { L[ - | ] ) i
| = NG
1 1
\ T EREERENA "'T.ﬁ;f
P it . !
) - ! T

\ +—4 —
! | ] y I8
i : !
EREa e 8 m geNEEERy
: L e 1 ] i -T_ ‘ l
* —_— i - —
; i I
IB 1] E # - 4 T I !- ! id
1 bt
I Pl
i | i ti1iTt

125-%



Octener 15, 1945 POWERPLANT INSTALLATION 04,63
04,635

L]

4,03 LUBRIZATION SYLTEMS,

04,630 GENERAL, FEacH ESGINE SHALL HAVE AN INDEPENOENT O)L SUPPLY. THE OIL
GAFACITY OF THE SYSTEM SHALL BE AT LEAST | GALLON FOR EVERY 25 GALLONS OF FUEL SUT SHALL
HOT BE LESS THAM | @ALLON FOR EACH 75 MAXiMum (EXCEPT TAKE—OFF) RATED HORSEPOWER OF
THE EMGINE OR ENGENES, A SPECIAL RULING CONCERNING THE CAPAGITY WILL PE MADE BY THE
AQHMNTRATOR WHEK OIL MAY BE TRAMSFERRED BETWEEN ENGIKES N FLIGHT OR WHEN A SUITABLE
REGERYE 3 PROVIDED, THE SUITABILITY OF THE LUBR{CATION SYSTEM SHALL BE DEMONSTRATED
1H FLIGHT TESTS 4N WHICH ENGINE TEMPERATURE MEASUREMENTS ARE OSTATNED, JHE SYSTEM SHALL
PROVIDE THE ENGINE WITH AN AMPLE GQUANTITY OF OIL AT A TEMPERATUAE SUITABLE FOR BATLEFACTORY
ENGINE OPERATION,

The total capacity for each tank should be determined by placing
the tank in such position that it can be completely filled. The
expansion space is then the difference between this total capacity
and the capaciiy determined with the tank installed in the airplane
and the airplane in its normal ground attitude. CAR 04.631 requires
that thie difference be not less than 10% of the total capacity
{volume) of the tank nor less than 1/2 gallon. One gallon i»
considered the minimum amount of ¢il satisfactory for engine cperetion
with respect to cooling temperatures.

04,631 TANK INSTALLATION, Out TANKS SMALL BE SUITABLY YENTED AND SHALL .BE PROVIDED
WITH AB EXPANSION SPACE WHICH CAANOT BE INADVERTENTLY FILLED WITK O1L, SUCH EXPANSION
SPACE SKALL BE AT LEAST J0 PERCENT OF THE TOTAL TANK YOLUME, EXCEPT THAT IT SHALL IN
HO CASE BE LESS THAN ORE™HALF GALLON,

(4,632 TANK STRENGTH. O#L TANKS SHALL BE CAPABLE OF WITHITANOING AN INTERNAL
TEST PRESSURE oF 5 POUNGS PER SQUARE INCH WITHOUY FAILURE OR LEAKAGE, TANKS SHALL BE
80 BESIENED AKD THE RIVETS OR WELDS SO LOCATED AS TO RESIST YEBRATION FAILURES AND
LEAKAGE,

04.533 GAUGE., A SUITABLE MEANS SHALL BE PROVIDED TO OETERMINE THE AMOUNT OF OIL
th THE SYSTEM OQURING THE FILLYNG OPERATION,

The celibration of the gauge should be nmade with the airplane
in the norrel ground attitude.

04,634 PIPING, 1L PIPING SBALL WAYE AN |NS)DE DSAMETER NOT LESS THAN THE INSIDE
OUAMETER OF THE ENGINE INLET OR OUTLET AND SHALL NAVE MO BPLIGES BETWEEN CONMEGTIONS,
CONNECTIORS IN THE OIL SYSTEM SHALL BE OF & TYPE SATISFACTORY TO THE ADMINISTRATOR.

4,535 ORAINS, ONe of MORE ACCESSIBLE CRAIMS SHALL BE PROVIOED AT THE LOWEST
POINT O THE LUBRICATING SYSTEMS To DRAIN GOMPLETELY ALL PARTS OF EACH SYSTEM WHEN THE
ATFPLANE 1S 14 ITS HORMAL POSITION OW LEVEL GROUNG, OSUCH ORAINS SHWALL DISCHARGE CLEAR
OF ALL PARTE OF THE AJRPLANE AND SHALL BE EQUIFPED WITH SUITABLE SAFETY LOCKS TO PREVENT
ACCICENTAL OPENING,
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04,640

04,636 NIl TEMPERATURL. A SUITABLE MEANS SHALL 8 PROYIOED FOR MEASURING THE
OIL TEMPERATURE AT THE ENGINE [NLET,

04,637 FVLLER OPENINGS, ALL FILLER OPENINGS 1N THE OIL SYSTEM SHALL BE PLAINLY
MARKED WETH THE CAPACITY AND TEE worp ®oit."

04,64 COOLING SYSTEMS,

04,640 GENERAL, THE COOLING SYSTEM SHALL 8E OF SUFFICIENT CAPACITY TO MATNTAIN
ENGINE TEMPERATURES WITHIN SAFE OPERATING LIMITS UNDER ALL CORDITSONS OF FLIGHT DURING
4 FERIOD AT LEAST EQUAL TO THAT ESTABLISHED 8Y THE FUEL CAPACITY OF YNE ATACRAFT,
ASSUMING NORMAL ENGINE POWER AND SPEEDS, CoMPLIANCE WITR THIS REGUIREMENT SHALL BE
DEMONSTRATED IN FLIGHT TESTS TH WHICH ENGINE TEMPERATURE MEASUREMENTS ARE OBTAINMED
UHDER CREITICAL FLIGHT CORDITIONS INCLUOING FLIGHT WITH ONE OR MORE ENGINES 1NOPERATIVE,

1. Gensrel .
" safe operating lirits " ig interpreted to mean those
meximur temperatures for which the engine has been certificated.
They are listed on the APPROVED ENGINE SFECIFICATIONS. For all
obsolete engines or thoee previously certificated for which
tempereture lirits have not been established, the following are
applicables '

Cylinder Head: 550°F.
Cylinder Barrel: 300°F.
0il Inlet to Engine: 200°F.

" eritical conditione " is interpreted to mean METO power
on all engines or with one engine inoperative at the corresponding
speed for best rate of climb and, in the case of flying boats only,
taxiing on the water, all in air having the highest tenperature
likely to be encountered in the 1ife of the airplane. This maximum
expected outside air temperature has been arbitrarily defined as
100°F. at sea level and to decrease from this value at the rate of
3.6°F. per thousend feet of altitude ebove sea level.

2. Acceptable Method

The following procedure should be used in conducting cooling
teste;

For single engine sirplenes stabilize cylinder and oil inlet
temperetures immedietely prior to commencing the test. Take-off at
full teke-off power (reduce to METO power after one minute), climb
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October 15, 1945 POWERPLANT INSTALLATION 04,640

at best rate of cliub speed, waintein METO power {or full throttle
if above criticel altitude) until at least five minutes after the
first occurrence of the maximun cylinder head, cylinder barrel, or
0il inlet tenperature, whichever occurs lest,

For multiengine airplunes stabilize cylinder and oil inlet
temperatures in flight immedietely prier to commencing the test.
At an altitude approximately 1000 feet below the criticel altitude
of the first blower stege of the engines or 1000 feet below the
altitude at which one engine inoperative best rate of cliwdb is 50
feet per minute, whichever is lower, stop the cooleet running engine
by eutting off fuel supply end place demd engine propeller in most
favorsble pitch position (high or feathered), Climb at one~engine
inoperative best rete of climb epeed with opersting engine(s) at
METO power {or full throttle, if above the critical altitude)
until at least five minutes after the first occurrence of the
maximwur cylinder hesd, cylinder barrsel, or cil inlet tempersture,
whichever cccurs lest.

For long range flying boats, in addition to the climb test
deseribed above, the following taxiing test should also be
conducted. Stabilize cylinder and oil inlet terperatures immedietely
prior to commencing the tests. First, head down wind, accelerate
to a speed which is below the hump speed by not more than 5 knote
and zaintain that speed for at least 10 minutes. Second, head down
wind, accelerate to a speed which ie sbove the hump speed by not more
than 5 knots and maintain that speed for et least 10 minutee.

During the above tests, record the following data at one minute
intervelss

(1) 7Time (7) Indicated Airspeed

(2) Hottest Cyl. Head Texp. (8) RAM

(3) Hottest Cyl. Barrel Tenp. (9) Manifold Pressure

(4) 0il Inlet Temp. (10} Air. Temp. Engrg. Cardb,
(5) Outeide Air Teup. (11) Mixture Setting

(6) Pressure Altitude (12} Throttle Setting

Coneideration should be given to the followlng items for such teetsi

a. The PROFELLER used during the cocling test must be that
percitting the highest RPM for which approval ie sought.

b. ALL INSTRUMENTS used during the cooling test must be calibreted
125-1 - |
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and all CALIBRATION curves submitted with the epplicant's f£light

test report. Calibrations wust be mmde of complete units ac installed
for the official tests and shall be witneseed or accepted by & CAA
Inspector immedimtely prior to or following the official type tests.

ct. No tests should be conducted under ATMOSPHERIC CONDITIONS
" in which poisture iz visidble in the air.

d. The gross WEIGHT at take-off should be ths maxisur permissible
take-off weight.

e. The cylinder having the hoitest spark plug gasket will be
considered the HOTTEST CYLINDER. The determination of the hottest
spark plug gasket will be verified by a CAA Inspector. The barrel
texperatures of the cylinder having the hottest spark plug gusket
will be used in determining the cylinder barrel temperatures. A
description of the method of attaching the therrocouple and its
location on the cylinder barrel shall also accompany the flight test
report.

f. The manufsmcturer’'s recosmended SETTINGS of the CARBURETOR
should not be altered for officiel teste unless specifically
approved.

€. If CHANGES have been made in the propeller, eowling, eil
cooler or other features of the airplane subsequent to the erigimal
certification of the airplane such that the cooling characteristics
may be adversely affected, such changes should be substantiated by
subnittel of data covering the changes and by flight tests, if
considered necessary, to demonstrate adequate cooling.

h. The cooling characteristics of the powerplant installation
will be RECOMMENDED for APPROVAL when the corrected eslibrated
temperatures are equel to or lees than the "safe operating limits”
as defined under "General" above. The characteristice will de
RECOMMENDED for DISAPPROVAL if the corrected temperatures exceed
these limits by any amount, however small.

3. Alternate Equivalent Method

If the cooling requiremente outiined above under paragraph 2
cannot be met at the specified best rate of climdb sirepeed, but can
be met at a higher speed, compliance with the following alternate
procedures wiil be coneidered to provide equivalent satiefactory
cooling:

125-



October 15, 1945 . POWERFLANT TINSTALLATION 04,640

a. Norrel Category
(1) Single Engine Airplanes

(a) Airspeed limitation for Cooling Test. (CAR 04.702)
The airspeed chosen for cooling must result in

the slope of the flight bath being equal to or
greater than that which would result from the
minimus required rate of climb specified in

CAR 04,702 and the speed for best rate of c¢limb.
This 18 equivelent to increasing the minimum
required rate of clirb specified in CAR 04,702
by the ratio of the cooling airspsed to the best
rate of ¢limb speed and roquiring that the rate
of c¢limb st the cooling speed meet the increased
minimum rate of climb.

(b) Temperature Gaugee.
A oylinder head and/or barrel tempereture gauge

will be installed as required equipment unless

it has been demonstrated that cylinder temperatures
meet cooling requirements at the best rate of climb
speed, The necessary marking indicating the maximum
permissible 1limit must be shown by a red radial

line on the instrument(s).

(2) Multiergine Airplanes

(a) Airspeed Limitation for Cooling Test (CAR 04,702)
The airspeed chosen for the cooling test shall
not be greater then that which will provide
compliance with item {1)(a) above with all engines
operating at METO power. In all respects except
eirspeed, the cooling test must be conducted as
described under acceptable method in paragraph 2
above.

(b) One-engine Inoperative Performance (CAR 04,723)
The performance deterrined in accordance with
CAR 04,723 wil)l be that obtminable at the alternate
airspeed 8o selected for the cooling test.

(¢) Tempersture Gauges
A cylinder head and/cr barrel tempersture gauge

will be instglled as required equipment unless
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il e been demonstrated that cylinder temperatures
west ihe cooling requirements at the one-engine
inopeérative best rate of climb speed. The necessary
warking(s) indicating the maximum permissible
limit(8s) must be shown by a red radial line on
the instrument(s).

b. Trsasporti Calegory

(1) Maxizuw One-engine-inoperative Altitude (CAR 04.7513-T)
The airspeed chosen for the cooling test must provide
the performance required by CAR 04,7513-T and 04.750-T{¢).

(2) Tempersture Gauges
Cylinder heads and/or barrel temperature gauge will
be required as in item a(2){c)} abovs.

4. Corrections of Flight Test Data

The observed dats should be reducsed to a standard which is
based on approved correction factors and maximum expected outside
air temperastures. The correction factors and maximum expected
outsida air tsmpsrsturss must correspond to the respective pressure
altitudes at which the wmaximum cylinder head, cylinder barrel, and
oil inlet temperatures first occur. The following corrections
and correction methods may be used: (Other factors must be satis-
factorily substantiated.) The approved correction factors for
cooling air are as followss

(1) Cylinder Head = = = = « = = = = = - = 21,0
(2) Cylinder Barrel = = = = = = = = = = = = 0.7
(3) 0il inlet to enging - - = = = = « - - - 1.0

For corrsction purpsses the outside air temperatures observed at

the time of the firsi occurrence of the respective maximum texperatures
of the hottest cylinder head, the hottest cylinder barrel, and the

01} inlet to the eangise should be used.

Examples of epplying the corrections are given belawm:

8. Gylinder Haad Temgerature Correction.
Corracted temperature

% Obs. Max, Cyl. Head Temp. + 100 - 3.6 (g§§éa§liz} - OAT

Where 0.A.T, = Qutaide Alr Temperature.
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b. Cyliuder Barrel Temperature corroc%ion.

Corrected Tempsrature

s Obs., Max. Barrel Temp. + .7 D.OO - 3,6 (9%53.6.‘.3&.) - 0“.]

¢, Q0il Inlet Temperature Correction.
Cerrected Tezperature

= Obs. Max., 04l Temp.+ 100 - 3.6 (Q%%éaél!-) - OAT

04,641 RADIATORS, RADIATORS SHALL € 80 MOUNTED AS YO REOUCE VIERATION AND
EL HMINATE STRAING CAUBING DISTORTION.

04,642 PIPING, Prrine ARD CONNECTIONS SHALL CONFOAM TQO ACCEFTED STAMDARDS AND
SHALL WOT TRANSHIY VCSRATION TO THE RACIATOR OR THE STAUCTURE OF TWE ALACRAPT,
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04,643 URAINS, Owe oR MORE ACCESSISLE ORAINS SNALL BE PROVIDED AT THE LOWEST
POINTS ON THE CUOLING SYSTEM TO DRASN COMPLETELY ALL PARYS OF SUCH BYSTEM WHEN THE
ATRPLANE 18 IX ITS NORMAL POSITION ON LEVEL GROUKD, SUGR DRAINS SKALL DISCHARGE GCLEAR
OF ALL PARTS OF THE AIRPLARE AND SHALL BE EQUIPPED WITH SUITASLE SAFETY LOCKS TO PREVERT
ACCIDENRTAL OPEHING,

04,644 FILLER CPERINGS, ALL FILLER OPERINGS IN THE COOLING SYSTEM SHALL BE PLAINLY
MARKED WITH THE CAPACITY OF THE SYSTEM AKD THE NAME OF THE PROPER COOLING LIQUIO,

04.65 PONERPLANT INSTRUMENTS, CONTROLS, AND ACCESSGRIES,

04,650 INSTRUMENTS, THE ENGINE INSTRUHENTS REQUIRED ARE $pecieizo an § 04,5, Tue
INSTALLATION REQUIREMENTS POR NAVIGATION INSTRUMENTS ok § 04,5804 SwaLL APPLY TO TACKOMETERS
AND MANIFOLD PRESSURE GAUGES, ALL OTHER INSTRUMEKTS 8HALL OF YIS{BLE IM FLIGHT TO THE
PILOT AND CO—PILOT OR TO THE FLIGHT MECHANIC, [F THE MARIFOLD PRESSURE QAUGES AND
TACHOMETERS ARE NOT VIStBLE TO THE FLIGHT MECHANIC, WE SHALL BE PROVIOED WITH A OUPLICATE

SEY OF THESE 1NSTRUMENTS,

04,651 CONTROLS. ALL POMEAPLANT CONTROLS, INCLUDIAG THOSE OF THE FUEL SYSYEM,
SHALL BE PLAIHLY MARKED TO SHOM THEIN FUNCTION AMD METHOD OF OPERATION,

04,6510 THROTTLE CONTROLS, TwROTTLE COKTROLS SMALL BE EASILY ACCESS1SLE TO BOTH
FILOTS AND SHALL BE SO ARRANGED AS 7O AFFOHD A POSITIVE AND IMMEDIATELY RESPONSIVE
MEINS OF CONTROLLING ALL ENGINES SEPARATELY OR SIMULTANEOUSLY, FLEXIBLE THROTTAE
CORTAOL SYSTEMS SHALL BE OF A CEATIFICATED TYPE, A FORWARD MOVEMENT SHALL OPEN THE

TRROTTLE,

All powerplant controls must be so designed as to resist wear

and operate with a minlmum of backlash, Where cable controls are
- used, provisions pust be made for adjustment and suitable pulley
guards inetalled. GStops should preferably be installed at the engine
end of the control, with safety stops at the cockpit end if necessary,
80 a8 to minimize adjustment and attention required in service.

The controls must be so designed that normal engine movement will

not cause severe loads or "ereeping® of the controls.

Carburetor air intake controls and contrels for air shutters
in the cooling and oil systems should be sufficiently strong to
permit their operation under icing conditions.

Throttles should be arranged with s spring in the system at the
carburetor so that in the event a breakage of the control esystem
oagurs the throttle will move into a predetermined open position.
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04,6511 IGNYTION SWITCHES, !emiTion SWITCHES BMALL BE EASILY ACCESSIBLE TO BOTH
PILOTS, A POSITIVE MEANS FOR QUICKLY SHUTTING OFF ALL IGNITIOK OF MULTIENGINE ALACRAFY,
BY QROUFPING OF SWITCHES OR OTHERHISE, SHALL BE PROVICDED,

04,6512 PROPELLER PITCH CONTROLS., SEPARATE PITCH CONTROLS SHALL BE PROVIDED
FOR EMACH PROPELLER,

04,652 ACCESSORIES (IR CARRIER AIRPLANES). (Ser § 04,5891,)
04,66 MANIFOLDING, COWLING AND FIREWALL.

04,660 GENERAL, AtL MANIPOLDS, COWLING AND FIREWALLS SHALL BE S0 DESIGNED AND
INSTALLED AS TO REDUCE TO A MINIMUM THE POSSINILITY OF FIRE EITHER DURING FLIGHT OR
FOLLOWING AN ACCIDENT AND SHALL TNEREFORE COMPLY WITH ACCEPTED PRACTICE IN ALL DETAILS
OF ENSTALLATION NOT HEREINAFTER SPECIFIED,

04,661 MANIFOLDS, EXHAUST MAN(FOLDS SHALL BE CONSTRUCTED OF SUITAOLE MATERLALS,
SHALL PROVIDE FOR EXPANS10K, AKD SHALL BE ARRANGED AXO COOLED SO THAT LOCAL HOT POINTS
DO NOT FORM, GASES S8HALL SE DISCHARGED CLEAR OF THE COWLING, AIRPLANE STRUCTURE AND
FUEL SYSTEM PARTS OF ORAIXS, THEY SHALL NOT BLOW BACK ON THE CARBGRETOR AIR VNTAKE OR
THE PILOT OR PASSERGERS, NOR CAUSE A GLARE AHEAD OF THE PILOT AY WigHT, No Exwaust
MANIFOLOING SHALL BE LOGATED IMMEDIATELY ADJAGENY TO OR UNDER TNE CARBURETOR OR FUEL
SYSTEM PARTS LIABLE TO LEAKASE,

Exhaust manifolds should be constructed of stainless steel,
nickel chromium steel, or equivalent when installed on engines of
approximately 300 HP or over. Low carbon steel has been generally
satisfactory for use on lower powered engines when wall thicknesses
not less than .049" for installations above 125 HP and .035" for
125 HP and under are used and the manifold is well cooled.

Manifolds should not be located under the cowling unless isolated
from the accessory compartwent and well ventilated. Any portion of
the nanifold, within the accessory compartment must dbe shrouded
except that for instellations on low powered engines, (less than
100 HP} the upper portions need not be shrouded when such portions
are far from parts of fuel and oil syetems and it can be shown
that a fire harzard does not exist. Shrouds or tunnels on engines
of over 100 HP should be constructed of stainless steel or equivalent.

No portion of the menifold, whether located within or outside
of cowling, should be routed directly below parts of the fuel or
lubricating system which are likely to leak.

Exhaust outlets should be =0 located that gases will not enter
pilot eor passenger compartments. It should be borne in mind that
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carbon monoxide, even when mixed with large quantities of fresh air
as in open coockpit airplanes, is extremely dangerous as this gas,
will sccumulate in the body until a dangerous quantity exists.

The lecation of the outlets should also be such that there should
be no glare ahead of the pilot at night. Where outlets are below
the engine, the openings should be away from the center line of the
cowl and pointed outward. A minimum distance of 10 inches laterally
froe the exhaust outlets to the carburetor intake or drain will be
considered satisfactory. Outlete should not be direastly in line
with fuel aystem drains nor should the gases result in overheating
of any part of the sircraft.

Sufficient cooling must be provided to eliminate local hot spots
and to maintain temperatures well below the soaling point of the
material used. When tunnels or shrouds are used to isolate portions
of the exhaust manifold, positive ventilation muet be provided by
directing air botwoen the shroud and manifold unless it can be shown
by tests that the most severe operating conditions will mnot produce
exsessive temperatures, A temperaturs survey must be xmade whenever
a doudt exists as to the adequacy of the ventllation provided.

Provisions must be made for expansion and movement between cylinders
and between manifold and exteasions,

(Also see CAM 04.665 re Heating Systems and absence of Carbon
Monoxide.)

04,662 AIR INTAKES, CARBURETOR AR [NTAKES SEALL BE SUITAPLY SRAINED AND SHALL
OPEN COMPLETELY OUTSIDE THE COWLING UNLESS THE EMERGENCE Of BACK-FIAE FLANES 13 POBITIVELY
PAEVENTED, TNE ORAIN SHALL NOT DISCHARGE PUEL §3 THE PATH OF FOSSIDLE EXNAUST PLANES,

Intake screens, if used, should be of large mesh (1/2 inch or
over) to minimize the possidble accumulation of ice and snow.

If a carburetor intake air heater is installed to comply with
CAR 04,6291, the cookpit control should be so designated as to
*Pull for Heat" and otherwise be sufficiently rigid te eliminate
tendenoy to "spring® when c¢perated after ice has started to form.
Ia cases where shrouds over the exhaust manifold are used for
preheating the carburetor air, the quality and thickness of the
xanifeld should be such as to minimize the tendency to burn through.
Means must also be provided im such installations to ventilate the
exhaust tubing, or intensifisr tubes if used, wheh earburetor air
preheat is not deing used, unleas the manufactur-- se- gst=tlich,
through temperature survey, that eritical temperatures are not
obtained in most severe operating comditions. The assembly must
be sasily disassembled for inspection.
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04,663 ENGINE COMLING, ALL cOWLING AROUND THE POWERPLANT AND ON THE ENGINE S{DE
OF THE FIREWALL SHALL BE MADE OF METAL AND SWALL OE 50 ARRANGED THAT ANY ACCUMULATIONS
oF DIRT, NIQTE OR PFUEL MAY DE OBBERVED WITHOUT COMPLETE REMOVAL OF THE CowlINe, l'l’
SHALL PIT TIGHTLY TO THE FIREWALL, BUT GPENENGS MAY BE PROVIOEO IF THE AIRPLANE SURFACE
within 15 1MCHES THEREOF 13 PROTECTED WITH METAL OR OTHER SUITABLE FIREPROOFING MATERIAL,
THE COWLING SHALL BE COMPLETELY AND SUITABLY DRATNED 1IN ALL ATTITHGES OF FLIGHT AND OH
THE QROUND, WITH SEPARATE CRAINS PROVIDED FOR THE PARTS OF THE FUEL SYSTEN LIABLE TO
LEAKAGE, ALL SuGH DRAINE SHALL BE 30 LOCATED A3 TO PREYENT FUEL OR OIL FROM DRIPPIAA
ONTO THE EXRACST MANIFCLD OR ANY PARTS OF THE ATRCRAFT AND FRCM PERMEATING ANY MATERIAL
OF A CELLULAR NATURE,

04,664 FIREWALL, A FiREWALL SHALL DE PROVIDED UNLESS TNE ENGINE I3 MOUNTED IR
AN ISOLATED NACELLE WITH NO FUEL TANKS, SUCH FIRE SULKHEAD SHALL BE CONSTRAUCTED IN
ONE OF THE FOLLOWING APPAOYED MANNERS: (A} A SINGLE SHEET OF TERNE“PLATE NOT LESS
toan 0,028—1mcw taick. {8) A SimeLr SHEET oF sTaIsLeEss STEEL wor LEss Twam 0,0)51uce
Tick, {¢) Two SHEETS OF ALUMIRUM OR ALEMINUM ALLOY NOT LESS vwAN 0,02=swem THicK
FASTENED TOGETMER AND NAVISG BETVEEN TREM AN ABBESTOS PAPER OR ASBESTOS FADRIC SHEET
AT easy 1/8~incw THICK,

04,6640 Tne PIREWALL SHALL COMPLETELY 1SOLATE THE ENGINE COMPARTHENT AND SHALL
HAVE ALL WECESSARY OPEKINGS FITTED WITH CLOSE-FITTING GROMMETS OR BUSNINGS, ADJACENT
INFLAMMABLE STRUCTURAL MEMSERS SHALL BE PROTECTEO BY ASBESTOS OR AR EQUIVALENT INSULATING .
MATERTAL AND PROYISION SHALL BE MADE FOR PREVENTING FUEL AND OIL FROW PERMEATING IT,

04,665 HEATING SYSTEHS. Heaving SYSTEWS SNYOLYING YHE PASSAGE OF CAVIR AIN DVER
OR IN CLOSE PROXIMITY To ENGINE EXNAUST MANIFOLOS SHALL NOY BE UGED UNLESS ADEQUATE
PRECAUT IONS ARE EMCORPORATED 1N THE DESIGN TO PREVENT THE INTAODUCTION OF CARBON MONCXIOE
INTO TWE CARIN OR PILOT'S COMPARTMENT, THEY SHALL BE CONSTRUCTED OF SHITASLE BATENIALS,
BE ADEQUATELY COOLED ANG BE SUSCEPTIBLE Yo READY OISASSEMBLY FOR INSPECTION,

1. General

Heaters which utilize exhaust heat must be so designed as to
reduce to a minimum the possibdility of exhaust fumes emtering the
passenger or pilot's compartment. JIntensifier tubes, when used,
must be of stainless or eguivalent heat resisting steel. Muff type
heaters, passing cabin air directly over the exhaust manifold, may
be used when the manifold is comparatively free from welds and
expanseion joints are well sealed.

Frovision pust be made for ventilating the muff or intensifier
tube when cabin heater is turned "off.® This ¢an usually de best
accomplished through the use of a bypass valve.

All parts of the heater unit must be capabdle of being readily
disassenbled for inspestion.
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Carbon monoxide content should not exceed 1 part im 20,000,
This applies to all aireraft.

2. Test Procedure to Determine CO Content.

A carbon monoxide indicator should be used in determining compliance
with the above requirement. The instrument manufactured by the
Mines Safety Applisnce Company or the Bulb Type Colorimetris Indiemtor
may be used for this purpose, one of which is located at each
Flight Engineering and Factory Inspestion Branch Office. The
following procedurs should be useds -

The aircraft should be flewn in level flight at METQ power or
a® nearly so as possidle, Carburetor should be set Full Rich.
With all windowe clesed, readings should be taken in at least the
~ following locations:

a. Along the floor (approxinatily four inches above} in froat
of each occupant.

b. On each side of the cabin approximately a foot forward of
each occupant.

s. A few inches in front of each ocoupant's face.
d. In front of the oabim heater opening(s) with heat on.
With windows partially opoi tending to produce a vacuum in the

cabin, the same investigation should be made as windows closed, except
for the heater loocation.

The aircraft should then be flown in a glide with power off
(1d1ing) and readings taken a few inches in front of each occupant's
face with both windows open and closed as above.

The highest reading obtniuod at any of the above points shall
not exceed .005.

04,69 MISCELLANEOUS POVERPLANT REQUIREMENTS.

04,680 MATERIALS, FuEi, 1L AND COOLING SYSTENS SHALL BE MADE OF MATERIALS WHIOH,
INCLUDING THEIR MORMAL OR INNERENT INPERITIES, WILL NOT REACT CNEMICALLY WITH ANY PUELS,
OFLS OR LIQUICS THAT ARE LIKELY TO ST PLACED 1N THEM,
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04,706 GROUND AND WATER CHARACTERISTICS, Lame PLANES SNALL BE MANEWVERABLE oN
THE QROUND AND SHALL BE FREE FROM DANGEROUS GROUND LOGPING TENOENCIES AND OBJECTIONAILE
TAXIING CRARAGTERISTICE, THE SEAWORTHINESS AND NANOLING CHARACTERISTICE OF SEAPLANES
SND AMPRISIANS SHALL BE SEMONSTRATEID SY TESTS DEEMED APPROPR(ATE 8Y TNE ADMINISTRATOR,
(See § 04,452 For WATER STABILITY REQUIREMENTS, )

L. @round Cheracteristics

Taxiing tests should be conducted on smooth and rough ground as
sy likely be encountered under normal operating conditions., Speeds
should be used which should very up to approximately 70 percent of
#talling speed. Particular sttenticn should be paid to the following:

Taxiing over rough ground.--Theres is eome evidence to indicate
that critical loads can be built up in taxiing over rough ground,
oven when the shock-absorbing system is entirely satisfactory
with respect to capacity for' landing purposes.

Brakes.--Their adequacy in maeneuvering on the ground and their -
tendency to cause nosing-over should be investigated. Any bad
tendency will normally be exaggerated when taxiing in a strong side
or tail wind.

2, Water Characteristics

In order to check water atability, taxiing tests should be made
ceross wind in & fairly etrong breeze,

Sailing ability should be investigated by actually sailing the
aircraft with appropriate use of the engire.

Porpoising tendencies should be investigated and reported upon
for extreme loading conbinations.

Ability to maneuver ur tc end while on the step should be invese-
tigated and reported or.

Effectiveness of the watar ruddere when provided should be
checked,

3. Ski Handling--General

In the case of skls, the interpretation is that satisfactory
landings end take-offe areyraquiraed, se well as satisfactory ski
trim in normal flight.
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During landings, take-offs, taxiing, etc., particular attention
should be paid to the followings .

. No undue directiomal instebility.

b, Satisfactory ability to make normal speed taxiing turne
without undue skidding tendency.

¢+ Ko undue tendency to have the nose of each ski digging in
during landings or take-offs.

d. Trimming gear adequate with no danger of demage occurring
during normal ground “andling in taxiing or maneuvering over rough
enow or drifts.

~ev Eki trim in flight stable and satisfactory for all normal
flight attitudes ipcluding slipe and skide.

f. If braking devices ere employsd, attemtion should be given
to adequacy, effectiveness, and protection durimg normal operation
on the ground. Positive action should be required.

04,7 MODIFIED PERFORMANCE REQUIREMENTS FOR BULTIENGINE AIRPLANES NOT CERTIF{CATED
IN THE TRANSPORT CATEGCRY.

THE WEIGNT OF ANY MULTIENGINE AIRPLANE MANUFACTURZD PURSUART TO A TYPE CERTIFICATE
1SSUED Priok To Jawuany b, 1847, pay BE IRCREASED BEYOND THE VALUES GONRESPONDING TO
THE LANDING sreep srecsFiEp 1w § 04,700 amo vaxe—orr mequinenenys or £ 04,701, sussecy
TO THE FOLLOWING CONDITIONS:

(4} THE tNcHEASED WETHT SHALL SE KNOWK AS THE provistowaL wesant (B 04.103),
Tue sranoane weqenr (F 04,102) snati st THE MAXIMIM PERNISSIBLE WETGNT FOR LAREING,
TNE PROVIIIONAL WEIGHT SHALL BE THE MAX(MUM PERMISBIOLE WEIGHT FOR TAKE-OFF,

{») CoMPLIANCE W)TH ALL THE AVAWORYHINESS REQU)BEMENTS EXCEPT LANDING SPEED AND
TARE-OFF 1S REQUIRED AT THE PROYISIOMAL WEIQNT, EXCEPY THAT THE PROYISIONAL WEIGNT MAY
EXCEED THE DEBIGN WEIGHT ON WHICH THE STAUCTURAL LOADS FOR THE LANDING CORDRIYIONS
ARE BASED BY AN AMOUNT NOT GREATER THAW 15 PERCENY, PEOYIDED THAT THL AIRPLANE 18 BHOWN
10 8E CAPABLE OFf SAPELY WITHETANGING YEE QROUND OR WATER SHOCK LOAOE [(NCIDENT TO TAK{NG
OFF AT TRE PROVISIQNAL WE}GRT, ‘

(c) Tot AIRPLARE SHALL BE PROVIDED WITH SUITABLE MEANS FOR TNE RAPID AND SAPE
SISCHARGE OF A QUANTIYY OF FUOEL SUFFICIENT T0 REQUCE 178 WEIGHNT FROM THE PROVISINANAL
WEIGHT TO THE STANDARD WELGHT,
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{oc) 1M Mo CASE SMALL THE PAOYISIOMAL WEIGHT EXCELD A YALUE CORRESPONDING TO A
LANDING BPEED OF 5 ®ILES PER WOUR 1N EXCESS OF THAT sreciriep yn 8 04,700, & vaxe—orr
o18TaNce of 1,500 Feer 1x THE CASE OF LANOPLANEE, o0& 4 TaKE—UrF TiME of 50 secowps n
THE CASE OF SEAPLANES; NOR SMALL ANY PROVISTONAL WEIGHT AUTHONIZED [N RESPECY TO ANY
TYSE OF ATRFLANE ARTER JANUARY T, 1945, EXCEED THE YALUE COARESPONDING TO A RATE OF
cLins oF AT LEAST 1B0 peey per maugTE AY AN ALTiTUOE oF 5,000 reeT WiTH THE CRITICAL
ENGINE {KOPERATIVE, \TS PROPELLEA WINOMILLING WITH TKE PROPELLER CONTROL 1N A POSITION
WHIGCH VOULD ALLOW THE ENGINE (1F OPENAY ING NORMALLY AND WITHIN APPROVED LIMITS) TO
OEVELOP AT LEAST 50 PERCENT OF MAXIMUNEXCEPT-TAKE-OFF ENQINE SPEED, ALL OTMER ENGINES
OPERATING AT TRE TAKE—OFF POWER AYAILABLE AT SUCK ALTITUDE, THE LANDING GEAR RETRACTED,
CENTER OF QRAYITY IN THE MOST UNFAVORASLE POSITION PERMITYED FOR TAKE—OFF, AMD YHE
PLAPS I8 THE TAKE-OUFF POSITION,
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Corrections.~=Iu case it ie coneidered necessary to use the welght
or other correction in obtaining the true rate of c¢limdb in these
c¢heck climbe, it will be acceptable to make these corrections as
outlined inm Flight Engineering Report No. 3.

2. One Engine Inoperative Performance Tests

The primary purpose of the requirements of 04.723 is to obtain
the information necessary to inform the pilot of the one engline
inoperative performance of the sirplane under any condition likely
to be encountered following an engine fmilure during the life of the
airplene.

Unless some special reason is invelved, ”such weights as are
necessary” is to be the maxiwum weight for which certification is
sought. In order to aceomplish this purpose it is necessary that
sawtooth climba be conducted. The nature and nuxber of these sawiooth
climbs should be the esame as those desoridbed under 04,702 for the
third purpose involved, exzcept that the critical engine as determined
immediately above is to be inoperstive mnd the airplane is to be
~otherwise in the condition most favorable to olixd, i.e., flaps
retracted, inoperative propeller feathered or windmilling im high
piteh, Cowl flaps, if present, are te be in the position that is
used to demonstrate compliance with the cooling requirements as
specified in 04,640.

In the past, the information whieh has been placed in the hands
of the pilet concerning the ome engine inoperative perforzmance has
been limited to a ueable ceiling, 1.e., the altitude in standard
eir at vhich the best rate of climb is 50 feet per minute. Ia order
to aceomplish the above purpose, however, it is obviocusly necessary
to go beyond thie and it is requested that ihe applieant furnish
& shart showing the ons engine imoperative best rate of elimb and
the corresponding trus indicated airspesed ageinst altitude at various
welights covering the range of weight at which the airplane ie likely
to be operated. Prevision should be made for keeping the chart,
once it is approved, in the eirplane st all times in a place con~
wvenliently maceseible te the pilot.

jcoeptable Method.~-Same a# described under 04.T702 except mdditional
date will meed to be recorded.

. Gorrections.—-The correctione mecessary te determine the actual
rate of climb are described in Flight Engineering Report No. 3.
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04,724 AIRSPEED INDICATOR CALIBRATION, [w accomsance wita § 04,5800, rue asnseexn
IKDICATOR OF THE TYPE ACRPLANE SWALL OF CALISAATED IN FLIGNT, TNE METNOD OF CALIBRATION
UBED SRALL SE SUBJECT TO THZ APPROYAL OF TWE AONINISTRATOR.

04,725 CHECK OF FUEL SYSTEM, Twe orERATION OF TWE FEEL SYSTEM SWALL 3L CEECKED
I8 FLIGNY TO DETERMINE ITS XFFECTIVENESS UNCER L.OW FUEL CONDITIONS ANG AFTER CHANGING
raoM ONE SuPsLY TASK To awovsem, {See § 04,620,) For svcn vesys Low ruseL 13 otrises
AS APPROXIMATELY 15 minuTES! BUPPLY N ZAGH TANK TESTER AT THE maxinon (excery vaxe—
OFF) POVER CERTIFIED,

1. General

a. The fuel system should be checked in flight to determine
that it will feed satisfactorily im elimbs at the best angle of
¢lirb speed and st the best gliding angle. Medsrate rolls, slips .
and skide as might be made accidentally in the sabove ¢limbe and glides
with low fuel should net causs the engine{s) to cut out. The systen
should alec feed promptly after cne tank has run dry and the other
tank is turned on.

b. Low fuel for the purpose of fuel systex tests in flight is
defined as approximately (METO HP + 40) gallons in the tank tested,
Each tank will be tested unless the arrangement of the system indicates
identical results would be obtained. Speciel rulinge will apply
in cases of fuel systems with several small tanks which would result
in an unreasonably large mmount of reeidual fuel. If the fuel '
systex hes only one tank, the engineering inspector may at his
discretion during officiel tests request the installation of s
temporary auxiliary fuel tank for low fuel flight tests in order
to avoid the poesibility of a forced landing due to lack of fuel.

¢+ Fuel eystemz of single engine airoraft shall nmot be considered
satisfactory if more than 10 seconds elapse after changing over
from a tank which has run dry in flight, before the engine resumes
full power operaticn.

d. Systems with tank cutlete and vents interconnected and so
srranged that it is impossible to feed from each tank individually
should be treated as single tank systens,

2. fAcceptable Method

Single or individual tank tests.--(1) Flight tests should be
conducted with fuel arranged in the tanks so that each tank can be

tested separately with low fuel but always with a safe amount of
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fuel in another tank. (2) If the aircraft has only one tank, the
take-off will be nade with a safe amount of fuel and the tests
conducted with low fuel as defined above. (3) The tests should

be conducted by chenging over to the tenk with low fuel after a

safe altitude is reached. Each position or attitude ehould be
paintained for a periocd sufficient to interrupt flow at the carburetor

should the feed ports be uncovered. (4) Tests should include steady
c¢lirbe with maximum permiesible
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