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DETERMINATICN OF MEANS TO SAFEGUARD ATRCRAFT
FROM POWERPLANT FIRES IN FLIGHT - PART 1

QENERAL
SUMMARY

The problem of providing adequate fire protection, in flight, for
modern, tightly cowled, alr-cocled radial alrcraft powerplant installa-
tions of conventional design was attacked experimentally. A full scale,
operating Douglas DC-3 engine-nacelle-wlng comblnation was constructed
and placed in a controlled air blast to simulate actual flight conditions.
Quantities of gasoline and oll were ignited at locations throughout the
powerplant installation where fire mlight occur as a result of failures
of the engine or the fuel or oll systems.

The test procedure consisted of 4 phases of lnvestlgation: (1) fire
detection, (2) fire extingulshment, (3) effect of fire on materials, and
(4) sources of ignition.

The detection tests proved that quick, posltive fire detection of
gasoline and oll fires is practical. Design criteria for detectors and
the method of correctly locating the detectors in the powerplant instal-
latlon are given.

The extingulshing tests showed that the extingulshing of fuel and
0oil fires i1n flight is practical within certain limitations of fire size
and duration. Such limitations erlse primarily from the necessity of
using extinguishing systems of reasonable size and weight. In additlon,
the teste resulted in an evaluation of various fire extinguishing agents,
the determination of optimm methode of applicatlion of the agents to the
powerplant installation, and the establishment of correct operating con-
ditiona during extinguishment. Criterla for the detalled design of fire
extingulshing systems are presented.

The testa on materlals were confined to the actual materials and
equipment comprising the test set-up. During oll and gasoline fires of
various sizes and in various locations, temperatures of cowling, wing,
and nacelle skin, and the firewall were recorded. In addition, observa-
tions were made of the general effect of firs on the oll and gascline
syetems, the englne accessorlies, the oll tank and cooler, the engine
mount, the landing gear and tire, and miscellaneous components. The
superiority of steel over aluminum alloy in locatlons of high temperature,
and the ability of filled oil systems to withstand serious fires were
clearly indicated In the tests.

The ignitlion tests were conducted to determine the possibility of
spontaneous 1gnition of fuel and oil. The tests clearly lndicated that
ignition sparks, exhaust system muffs for obtalning carburetor heat, or
cracks and openlngs in the exhaust system are possible 1gnition sources.
These tests also showed that spontanecus ignition would not cocur on
ummiffed exhaust systems in good comdition.
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In general, the methods developed to provade adequate powerplant
fire protection in flight, and variations of these methods, should
lead to practical solutions of the problems encountered in this field
of fire protection.

INTRODUCTION

The problem of applying additional safety measures against fires
in the powerplants of public air carrier aircraft became urgent during
the latter part of 1938, because of the occurrence of several engine
cylinder failures im flight, some of which resulted in powerplant
fires. The Caval Aeronsutics Admimistration was requested by the air
transport industry, through the Air Transport Association, to expand
a fire test program, then being planned, to include investigations on
fire detection, extinguishing, and other pertinent phases of the fire
problem in an effort to reduce the hazards assoclated with airecraft
powerplant fires. Accordingly, the Technical Development Division of
the Cival Aeronautics Admmistration began the investigation by circu-
lating questionnaires throughout the indusfry which resulted in the
preparation of a proposed test program for the approval of all concerned.
Actual tests of a DC-3 type powerplant installation were started in
November, 1939, and concluded in May, 1941. Tests on other type in- .
stallations were immediately begun and are now 1in progress.

The ever-present quantities of fuel and oil may be released by
the failure of fuel and oil systems, or by engine structural failiures,
and 1gnition may follow from sparks (friction, static or ignitlon),
or from the exhaust system. The control of fires thus started and the
reduction of their damaging effects 1s of primary importance.

Most present day aircraft are not equipped with fire detectors
or with means for shutting off the flow of engine o1l while in flight.
Fire-proof steel bulkheads separate the engines {power sections) from
the accegsory sections, and the accessory sections from the nacelles
in air carrier aircraft, but alumimm alloy 1s used extensively through-
cut the rest of the engine installation and in the nacelle construction.
Fire extinguishing systems are confined to the accessory sections and
these normally consiat of perforated aluminum alloy tubular rings con-
nected to a supply of carbon dioxide located elsewhere in the airplane.
Little effort has been made to provide fire protection in the power
section of a radial air cooled engine.

little was known of the efficacy of the accessory section fire
extinguishing systems commonly used and almost nothing was known of
power sectlon protection, Available literature on alrcraft fire pro-
tection revealed that some full scale testing had been done by the
mlitary services and private industry. However, in these tests,
actual flight conditiona were only partially simulated and the test
equipment consisted mainly of now obsolste in-line engines. It was
cbvious that the results of such tests were inadequate for application
to modern, high powered, tightly cowled, air-cooled radial engine in-
gtallations.



3

Because of the meager and inapplicable information available on
the subject of aircraft powerplant fire protection, it was decided
to conduct a comprehensive test program including as objectives in-
vestigations of fire detectors, fire extinguishers, materials and
equipment, and fire i1gnition possibilities. Information was desired
as follows

1. FEire detechors: Determinatlon of suitable detector types
for powerplant use and of optimum detector locations in the powerplant
installation. Also, information on time of operation, ability to
wlthstand severe operating conditions and proof against false alarm.

2. PFire Fxtipguishers: A knowledge of the possibilities of
extinguishing fires in aircraft powerplants, evaluation of fire ex—
tinguishing agents and methods of their application. Information on
the rates and durations of their applications in the power and acces-
sory sections, on the weights of the agents and distribution systems,
and on the design of the necessary piping and controls.

3. gﬁiﬂE&%Li:iQQ:@ﬂEiﬂEQQﬁi Determination of the relative fire
resistant properties of various materials comprlsing powerplant in-
stallations and of the temperatures encountered in the cowling, fire-
wall, naceile and wing during typical oil and gasoline fires. Also,
Information on the proper use of materials to obtain maximum fire pro-
tection.

4. Fire Iepitaon Pogsgbllltles Information on the causes of
ignition of oil and gaseline fires and the determination of methods
whereby this hazard may be reduced.

It was considered necessary to simulate, as closely as possible,
the cond:rtions exasting in an aircraft powerplant installation in
flight. This simulation required the use of an operating full scale
engine installation, nacelle, and wing section with the necessary
controls and a waind tunnel to produce an air blast to sumilate the
forward motlon of the airplane.

The tests described 1n thas report pertain only to radial air
cooled aircraft engines of conventional design, as described on Page
5. However, certain results of this program are applicable to other
powerplant installation types.

Through the cooperation of the Natlonal Bureau of Standards,
where all tests were conducted, an outside wind tunnel and other
necessary facilities were made available.

As this test program was the first of its type and highly lmpor-
tant to aercnautical safety, and because of the lack of published
information on the subject, 1t was considered desirable to sclicit
the advice and suggestions, before and durlng the tests, of experts
in this field. Excellent cooperatlon was recelved and acknowledgment
1s gaven to the following organizations, which supplied the personal
services of their engineering staffs, valuable test materials, and
equipment*
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Aluminum Company of America

American Aarlines, Inc.

American District Telegraph Company
Amerlcan-LaFrance-Foamite Corporation
Amerlcan Steel and Wire Company
Carnegie-Illinois Steel Corporation
Douglas Aircraft Company, Inc.

Dugas Engineering Corporation
Eastern Air Lines, Inc.

Eclipse Avaation

Edward G. Budd Manufacturing Company
Ferwal, Inc.

Naticnal Bureau of Standards

Pan American Airways, Inc.

Phister Manufacturing Compamny

Pratt & Whitney Adrcraft

Pyrene Mamufacturing Company

Stop, Inc.

Summerill Tubing Company

The Fyr-Fyter Compary

The Sealand Corporation

The Weatherhead Company

Thomas A. Edison, Inc.

United Air Iines Transport Corporation
United States Navy Department
Walter Eidde & Company

CESCRIPTION OF TEST EQULPMENT

A sketch of the complete test layout 1s shown in Figure 1, and
a sketch of the nacelle unit in Figure 2. A photograph of the test
get-up is shown in Figure 3.

The wing, nacelle, powerplant test set-up was identical in di-
mensions to a standard commercial Douglas DC-3, Pratt & Whitney
1830-B engine installation. (See Figures 4 and 5). The engine in-
stallation proper was identical to that of the DC-3 except that a
special oll system was installed in which the o1l tank was located
ahead of the firewall, (See Figure 6.) A standard DC-3 firewall and
engine mount were used. All engine accessories, fuel lines, and the
outside of the o1l cooler were protected against fire by a lagging,
congisting of asbestos cloth soaked in waterglass. In the early
fire tests the crankcase also was lagged but this was later found to
be unnecessary. The oll system (including tank), firewall and engine
mount were unprotected. A photograph of some of the lagging used
appears in Figure 5,

The englne was completely equlpped for remote control operation
during the tests.
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The test equipment conslsted of:

Engine: Pratt & Whitney 1830-SB3G, Wasp — 14 cylinders, twin row,
radial, air-cooled aircraft engine, rated at 1000 HP at 2650 RPM (Take-
off power), and 900 HP at 2450 RPM (Maxamm except take-off power).

Propeller- Hamilton Standard, 3 blades, metal, constant speed,
controllable pitch, 11 1/2 feet in diameter, type 3E50.

Engline Cowl: Standard DC~3 aluminum alloy NACA cowl equipped with
adjustable aluminum alloy cowl flaps.

éEEQEEQEE:QQSELSE=QEELEEE' Standard DC-3 accessory sectlon cowl-
ing of .049 alumnum alloy and .0l8 stainless steel, of the 18-8 (Grade
Type 302.

Egg;gg Air Intake System. Hot and cold air intake systems as
shown 1n Figure 7.

Nacelle and Wing Section. External dimensions identical to DC-3,
skin of .012 stainless steel, of the 18-8 Grade Type 302. Nacelle
and wing skin carried no load. Engine loads supported by internal
welded steel tube truss shown in Figure 8. The wheel well in the
nacelle was fitted to recelve a standard DC-3 landing wheel.

Epgine Control Shed* (See Figure 1) Houses engine controls and
instruments, o1l and fuel control wvalves, controls for regulating
fires in the powerplant, a bank of 25 pyrometers and recording camera
and a detector signal panel. 8See Figures 9, 10, and 1l.

Qil and Fuel Tower: (See Figure 1) Supported drume containing
gasoline for engine operation and gasollne and o1l for producing fires.
011 drum was equipped with immersion type electrical heaters. A dia-
grammatic sketch of the plping from the tower, through the engine con-

trol shed, to the powerplant installation and the fire nozzle 138 shown
in Flgure 12.

Fire Nozzlae: (See Figure 13) The fire nozzle was attached to
flexible tublng to permit application at any point within the power-
plant installation. A small auxiliary gasoline supply line was at—
tached to the main nozzle to supply small quantities of gasoline to
facllitate the ignition of the oll. An alrcraft spark plug for pro-
ducing a high tension ignition spark was provided at the nozzle ocutlet.

ed: (See Figurs 1) Housed the extinguishing
agent contalners and wvmlves which were comnected by the extinguisher
feed lines to the power and accessory section distribution systems.

Wond Tummel: (See Figure 1) Maximum air speed at outlet was
70 m.p.h.; outlet diameter 7 feet; outlet located 5 feet forward of
propeller.
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G L TEST

In order to properly simulate the condition of fire in flight ic
was necessary to control the two praincipal factors involved — air blast
and fire conditions.

The volume of air passing through the power section was of major
concern and was affected by cylinder baffling, wind tunnel air speed,
engine speed, and the degree of cowl flap opening. The maximum wind
tunnel ocutlet air speed attainable was approximately 70 m.p.h. The
standard inter-cylinder baffles were removed (See Figure 5) to sim-
late higher air speeds by allowing a greater volume of air to pass
through the power section. (See discussion under Section 2 for effect
of air blast on extinguishment.) The approximate air volumes passing
through the power section, measured by means of a pitot static tube,
were as follows.

AIR VOILDUMES
Wind Tunnel Airflow
Flaps Air Speed Engine Speed 1bs/hr
Full Open (2303 70 m.p.h. 0 46,500
Full Open (23° 70 m.p.h. 2000 r.p.m. 69,100
Closed 70 m.p.h. 0 33,100
Closed 70 m.p.h. 2000 r.p.m. 49,800

Except 1n a few instances, all the tests were run at 70 m.p.h. waind
tunnel air speed, at 2,000 engine r.p.m. and with the cowl flaps fully
open. (The tests indlcated that the use of greater air speeds would
not alter the general conclusions.)

The factors affecting filre condition were. type of fuel burned;
fuel flow rate; fire location, and fire duration.

No. 10 SAE ocal, rather than heavier oils, was used ln the majority
of oil fire tests to facllitate handling and ignition., Some tests were
conducted using actual 100-hour alrecraft engine drain 01l to compare
the burning characteristics of the llght and heavy oils. In all cases
the oll was preheated to 3009 F, to simulate the release of hot el
from an overheated engine.

87 Octane aviation gasoline and safety fuel were used in the fuel
fire tests in the accessory section. The safety fuel flash point w.s
105° F, and the distillation end point 400° F.

The maximum rate of oll flow used to feed power section o1l flres
was 5 g.p.m. {gallons per mimte). The o1l weighed 6.5 pounds/gallon.
This corresponds to an engine o1l inlet rate of 130 pounds/minute, if
1t be assumed that 25 percent of the i1nlet oil reaches the power sectlon
and flows out through a fracture. Further, 1f the engine were stopped
and the oll flow shut off at the tank i1mmediately after an actual
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fracture occurred, the 5 g.p.m. maximum 011 flow used i1n the tests
would correspond to 2.5 gallons of resideal oil umformly jettlsoned
for 30 seconds. Figures 14, 15, and 16 show typical 5 g.p.m. oil
fires with the source in the power section. Tests were alsc con-
ducted using flow rates of less than 5 g.p.m. for comparative results.

The maxarmm rate of o1l flow used to feed accessory section o1l
fires was arbltrarily set at 1l g.p.m. Fires burning such a quantity
of o1l could occur as & result of rupture of the o1l tank or of the
01l lines between oil tank, engine and oil cooler. An 11 g.p.m. o1l
fire with the source in the accessory gection is i1llustrated in Figure
17.

The rates of gasoline flow used to feed accessory section gaso-
line fires were varied from .33 to 7 g.p.m. Figures 18 and 19 show
6.5 g.p.m. gasoline fires with the source in the accessory section.
Tests were conducted in which gasoline was allowed to accumulate 1n
the accessory section prior to 1gmition (explosion ignition).

In the power section, fires resulting from cylinder failures
were slmulated by introducing a burming stream of o1l between the
engine cylinders. The fire nozzle is shown in the powsr section in
Figure 20. The nozzle direction was varied at each inter-cylinder
location around the englne. The fore and aft limits of the fire
nozzle locations were the forward edge of the front row cylinders
and the rear edge of the rear row cylinders, and the radial range
extended from the crankcase out to the cylinder heads. In addition,
the fire nozzle was located just aft of the propeller to simulate a
propeller governor oll supply line fallure.

In the accessory section, fires resulting from oll and fuel line
failures were simulated by placing the fire nozzle outlet Just 1nsidse
the accessory section cowl (See Figures 35 and 36)., This was done at
four locations around the cowl and, at each location, the nozzle angle
wag varied with respect to the cowl.

The fire duration used in the majority of tests was limted to
30 seconds. It was assumed that an airplane crew, aided by 2 quick
acting fire detector, would apply the fire extinguisher well wxthan
this time. Tests were also conducted using very short fire durations
to similate automatic fire extinguishing sy=tems.

The test fires were ignited by an electric spark. In the case
of 011 fires a small stream of gascline was first ignited by the
spark to facilitate the 1gnition of the oil.
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SECTION 1 -~ DETECTORS
PURPQSE '
The purposes of the tests on fire detectors were:

(1) To develop, test, and compare various types of fire detectors
to be uged for detecting gasoline and o1l fires occurring in both the
power and accessory sections of an alrcraft powerplant in flight, and

(2) To determine for each detector type the number required, the
optimum locationg, and the tims necessary for operation.

DESCRIPTICN QF DETECTORS TESTED

A1l suitable types of faire detectors were investigated to determine

those which might best be used i1n alrcraft powerplant installatioms,

and as a result, several types were obtained and tested. The detectors
tested were of two gensral classifications — umt and continuous, A
unit detector 18 an indivadual type capable of detecting flame at or
near the particular detector location. (Ses Figures 22 to 28.) A con-
tinuous detector may be 1n the form of a wire capable of detecting a
fire anywhere along 1ts length (see Fag. 21). A continuous detector
could be considered a large number of umt detectors comnected closely
together in series.

Five detector types tested were:

(1) Flame types which operate by the burning of a combustible
material, which forms a part of the detector element.

(2) Metal expansion types which operate on the principles of
direct or differentlal expansion of metals due to increases
of temperature.

(3) Fusible alloy types which operate by the melting of metal
alloys.

(4) Thermocouple_type which 1s operated by an excessive rate
of temperature rise.

(5) Ionization type which 1s operated by the electrical
conducting properties of a flame.

The i1ndividual detectors tested are described as follows:

Unat Flgme Type - Walter Kidde & Co. Ses Fagure 22.

The flame detecting elements of this detector consist of two
nylon elements in tension, holding open two spring leoaded electrical
contacts contained within a switch housing. Two nylon strands are pro-
vided to prevent a false alarm due to the atcidental breakage of
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either strand. The nylon strands are furnished in two lengths -
3/8 and 1 3/4 inches, and two diameters -~ .012 and .016 inches.

Unit Flame e — Dugas Engineering Corporation. See Figure 23.

The flame detecting element of this detector comnsists of a
flame sensitive cord holding an electrical switch in the open position
by means of a metal clip.

Unit Flame Type - CGraviner Manufacturing Co., Ltd. See Figure 24.

The flame detecting element of this detector consists of a
cotton flame lank which holds a spring loaded electrical switch in
the open position.

Unat_Metal Expansion Type - American District Telegraph Company
See Figure 25,

This detector consists of a convex sheet metal disc fixed
to a base at three points on 1ts periphery. An increase of tempera-
ture causes the disc to "ocil can" making electrical contact between
a plunger orn the disc center and contact points bullt into the base.

Unit Metal Expansion Type — American-LaFrance Foamite Corp.
See Figure 26.

This detector i1s simlar in operation to the American
Distraict Telegraph Company type described above but differs in de-
tailed design. See Figures 25 and 26 for comparison.

Unat Metal Expansion Type - Thos. A. Edison Inc. See Figure 27.
This detector operates on the principle of bimetallic strip

deflection and resultant electrical contact. The entire unit 1s en-
closed in glass.

Unit Metal Expansion Type - Ferrmral, Inc. See Figure 28.

This detector consists of 2 hollow cylandrical metal housing
enclosing two curved metal strips, the ends of which are securely
attached to the ends of the housing. Longitudinal expansion of the
metal housing results in lateral displacement of the metal strips
breaklng the electrical contact between them,

Continuous Fugable Alloy Type — Fermal, Inc. See Figure 29.

This detector conslsts of a wire conductor upon which are
strung porcelain beads of uniform size. This ™necklace® is enclosed
1n a sheathing of soft tin alloy plated with nickel. The melting
point of the alloy sheathing determines the temperature at which the
detector operates. When this temperature 13 reached the alley fuses
but the nickel plating, havaing a much higher melting point, remains
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in tubular form. The fused slloy then completes an electrical circuit
between the nickel tube and the wire conductor.

Contanuons Fusible Alloy Type - Sealand Corporation See Figure 30.

This detector, commerclally known as the ®™Garrison Wire", is
similar to the Fermal type described above. In this detector, however,
the fusible alloy is contained in the core of the wire rather than
near the surface.

Thermocouple Type - Thos. A. Edison, Inc. See Figures 21 and 31.

This detector censists of hot and cold junction chromel-
constantan thermocouple unlts connected together 1n serles and housed
and 1nsulated within a flexlble metal tube. Since only the hot junctions
are open to the flames, the detector operatea on the rate of temperature
rise principle. The small current produced by one or more of these
thermocouples in case of fire 1s sufficient to operate the relay fur-
mshed with the detector. The cold junctions are not fully enclosed but
are shislded from flame i1n order that amblent temperature changes due to
éngine operation produce no temperature differential between hot and cold
Jjunctions,

Continugus Tonizgtion Type — American District Telegraph Company

Air, under normal conditions, contains neutral gas molecules
not electrically conductive. However, in the presence of flame the
neutral gas molecules are split into positive and negative 1ons capable
of conducting electricity. This phenomenon 1s utilized by impressing
a D.C. voltage across a bare wire separated from the metal structure
(firewall) by insulators. Passage of flame between the bare wire and
the firewall allows a small current to flow 1n the detector circuat
actuating a relay.

PRCC

A basic size gasoline fire (.33 g.p.m.) was arbitrarily established
for power sectlon detector tests. The spread of this fire as it emerged
from the power sectlon is shown in Figure 32. A fire of this size,
peccurring in flight, would not be immedlately damaging to the primary
gtructure. However, 1t was considered that this or larger fires should
be rapidly detected. Although the rapidity of power section fire de-
tectlon depended upon fire size, there was found to be no such relation-
ship in the accessory section. Therefore, no basic fire could be es-
tablished for detector fires in the accessory section. The accessory
gsection detector tests were conducted using gasoline fires ranging in
quantity of gasoline flowing from .33 g.p.m. to 7 g.p.m. - including
"explosion" fires, 1.e., fires i1gnited after gascline had been flowing
into ths accessory section for some time.

The detectors were electrically connected to signal lights in the
engine control shed. The time lag between the start of the fire and
the light signal was observed.
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For power section tests the basic detector fire was i1gnited at
an arbitrary location and its spread on the diaphragm was observed.
A unit type detector was placed an arbltrary distance outside the fire
spread as shown in Figure 32, and the tlme lag observed. This pro-
cedure was repeated, moving the detector closer to the flre each time,
until the time lag did not exceed three seconds, or until the detector
was within the flame. Using an average determined fire spread arcund
the diaphragm of 22 inches the necessary spacing for unit detectors
was determined. Contlnucous detectors were placed within the flame and
the time lag noted.

To determine the effect of rain on the operation of detectors
a stream of water at the rate of 50 g.p.m. was introduced into the
air gtream forward of the propeller by means of a fire hoge, both
before and during detector fires.

Detectors in the power section were located only on the diaphragm
in the general locations shown in Figure 33 and 34.

To determine the opsration of umit detectors in the accessory
gection when located as far as possible from the fire source, the de-
tectors were placed with respect to the fire as shown 1n Figure 35.

Figure 36 shows the method employed to determine the required
proxdmty of umit detectors to fire in stratified form emerging from
the accessory section. This 1s a sumilar procedure to that employed
in the power section. The effect of gasoline explosions on detector
operation was noted 1n the accessory section.

RESULTS & DISCUSSION

The detector tests resulted in obtaiming criteria for the design
of fire detectors and for the application of detectors tec aircraft power-
plant installations rather than i1in determining the suatabllity of the
partlcular detectors tested. Most of the detectors tested were designed
specifically for these tests and further development is necessary before
they will be suitable for use on actual aircraft powerplant installa-
tlons. However, the data obtained in testing these detectors permit
the establishment of design criteria which may serve as bases for con-
timed development of the detectors tested and for the design and de-
velopment of future detectors.

The tests showed that small power section fires, due to the high
velecity turbulent air blast conditions, always spresad appreciably
over the outside of the accessory section. The average width of thas
spread, using the basic power section detector gasoline fire of .33
g.p.m. was approximately 22 inches, as shown in Figure 32. Although
the temperature of this flame was in the range of 2000° F, the air
immediately adjacent to both edges of the flame was of much lower
temperature, and therefore, the power section detectors had to be
actually contacted by flame for quick detection, or for any detection
at all. Heat radiation from the flame to a detector located outside
the flame resulted in very slow detector operation, due to the cooling
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effect of the stratified air. The proper locations and spacing fer unlt
detectors as given in Figure 33 were based on the 22-inch average flre
spread of the baslc power section detector fire.

Temperatures during fires in the accessory section were recorded
and are shown by the curves in Faigures 98, 99, 100, and 101. These
curves show that large variations in temperature existed throughout
the accessory section regardless of the quantity of gascline used to
feed the fire. Thls lack of temperature uniformity was probably due
to fire stratification caused by alr currents entering through cowl
cracks, blast tubes, and simlar openings as well as the cooling effect
of unburned gascline. The accessory section detector tests substanti-
ated this probability in that the operation of unit type detectors was
generally very slow unless the detector were placed in a location
actually enveloped in flame. Also, under certain fire conditions, the
flames would follow a narrow path through the sectlon and would emerge
from an opernang in the same narrow form, with little or no fire in the
rest of the section as shown in Figure 36. BSuch variable accessory
section fire conditions presented detection problems which could be
solved by the use of contimous detectors or closely placed umt de-
tectors as shown in Figures 33 and 34. As in the case of the power
section, heat radiation from the flame to a detector could not be de-
pended upon for quick detection due to air stratification.

Observations of numerous fires showed that the optimum detector
locations were the points of flame egress from the powerplant instal-
lation. This limited the power section detector locations 1n the
tests to the diaphragm, and the accessory section detector locataons
to the firewall edge and the rear of the oll cooler shroud.

The spacings for flame and metal expansion type unit detectors
are given in Figure 33. Flame type detectors were sensitive to small
tails of flame whereas metal expansion type detectors had to be com-
pletely enveloped in flame for rapld operation. Hence, flame type de-
tectors could be spaced 27 inches apart but metal expansion type detec-
tors required 21 inch spacing.

To assure quick detection in the accessory section for cases of
gtratified fire conditions as shown in Figure 36, the spacing for all
types of unit detectors should not exceed 5 inches, as shown in
Figure 33. Such detectors were required completely around the firewall
as well as around the rear edge of the o1l cooler shroud, due to the
numerous points of flame egress that existed.

The optlmm locations for continuous detectors are shown in
Figure 34.

The maximm air temperatures attained during engine operation in
both the powsr and accessory sections of the powerplant installation
were 1n the range of 300° F. The majority of detectors tested, there-
fore, were designed or adjusted for operation above 400° F. Obviously,
any detector temperature setting must be sufficiently higher than the
maximum operating temperatures to preclude the possibllity of a false
alarm when no fire exists.
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As the detectors tested were in various stages of development,
and because of the difficulty of repeating identical fires, quanti-
tatlve comparisons between partlcular detectors were impossible o
obtain on the full scale set-up. However, to obtain a basis for the
further development of present detectors and the design of future de-
tectors 1t was necessary to establish a relation between full scale
fire conditions and laboratory fire conditions. In a series of full
gscale fires the American-LaFrance-Foamite Corporation detector was
tested and arbitrarily made standard for the tests, as it was con-
s8ldered the most highly developed detector at that time. The time
required for operation of thls detector under actual full scale con-
ditions was from 3 to 5 seconds. A Bunsen burner was then set up, as
shown in Fipgure 37, and the flame temperature regulated until this
detector responded within 3 to 5 seconds after being thrust lnto the
flame. This flame (2050° F.) was then considered to be equlvalent to
actual full scale conditlons since the times required for operation of
this detector in this flame and under actual full scale conditions were
the same. For comparative results the other detectors used in the
tests were also thrust into this flame. The time of operation required
fer each detector 1s glven in Table 1. The operating time relation-
ships shown 1n this table substantiate in general those observed during
the full scale tests on all the detectors.

By this simple procedure the actual operating time for any detector
may be determined in the laboratory. However, the operating time, as
determined in the laboratory, will held good in actual practice only if
the detectors are located within the powerplant, as described in the
preceding paragraphs.
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TABLE 1

TIME REQUIRED FOR DETECTOR OPERATION

Detector Detector Temp. Operating
Manufacturer Type Setting Time (Secs.) | Remarks
American-laFrance-| Metal 400° F 3.5
Foamlte Corp. exXpanslon
n " n 500° F 5,7
Thomas A. Edison, n 400° F 15.5 Glass cas-
Inc. ing broke
n n Thermocouple —_ 0.8
Ferwal, Inc. Metal 400° F 4.0
expansion
n n Fusible —_ 3.4
Mloy
American District |Metal 500° F beS5
Telegraph Company | expansion
n ft Ionization — —_ Not tested
in this
flame but
operated in
1l sec. in
full scale
toats,
Graviner Mfg. Co.,| Flame — 0.2
Ltd.
Walter Kidde & Co.| Flame —_ 0.0
Dugas Eng. Corp. |[Flame —_ 0.2
Sealand Corp. Fusible 160° F 9.1
alloy
n " " 250° F 10.5

Note

as shown in

Figure 37.

(1) All detectors were tested in an ordinary Bunsen burner flame

The flame temperature was 2050° F, as de-
termined by a chromel-alumel thermocouple of #18 gage wire.

(2) For any particular detector, the operating time should vary
with the temperature setting.
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forward of the propeller to siumilate rain indicated thet the operating
times of the following detectors when located in the power section were
considerably increased when wet: (1) Dugas Engineering Corp. flsme
detector; (2) Graviner Mfg. Co. Ltd. flame detector; (3) American
District Telegraph Co. bridge type ilonization detector.

Although test results indicate that many of the detectors tested
are satisfactory from the standpoint of rapid fire detection, further
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to corrosion, fatlgue, vibration and other features mentioned in the
following may be necessary in order that detectors will be satisfactory
for use in actual powerplant installations.

DESIGN CRIT

Detsctor guards should be designed to allow maximum flame access
to the detecting elements and to protect the elements and electrical
mech

SmMS &aFa J e e

ECNaNigms agallisT Jamage.

Letecting elements and electrical mechanlsms should be so designed
that vibration or accumlations of oil, dirt, water, or any other
foreign matter will not prevent quick operatlon or cause false alarm,

Under normal flight conditicons, an open detector circuit is
preferable to a closed circuit as no current flow is required except
during fire detection.

It is preierable that the mechanical failure of a detecting system
make the system inoperative rather than turn in a false alarm.

Any detecting system should be easy to check by the crew to assure
the integrity of the system at all times.

Materials used in detectors and systems, ahead of the firewall,
should withstand temperatures in the range of 2000° F for at least
as long & time as is required for the detector to operate.

The detector operating temperature should be sufflciently greater
than the maxdmum engine sectlon alr temperature to preclude the possi-
billity of false alarm. Test detector operating temperatures were

350° - 500° F, which was believed satlsfactory for most installations.

CONCLUSIONS

1. Adequate detectlon of aircraft powerplant gasoline and oil fires
can be obtained within reasonable weight limltations provided proper de-
tectors and detector locations are used.

2. The proper locat
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3. The spacing between flame type unit detectors in the power
section should never exceed 27 inthes. The spacing between metal

expansion type unit detectors in the power section should never exceed
21 inches.

4. The spacing between unit detectors in the accessory section
should never sxceed 5 inches.

- INGUISHING TEST

FURPOSE
The purposes of the extinguishing tests were:

(1) To determine the efficacy of various fire extingulshing agents
when applied to gasoline and oll fires occurring in both the power and
accessory sections of alrcraft powerplants in flight;

(2) To determine for each extinguishing agent the quantity re-
quired, the rate of applicatlon necessary, and the optimum methods of
distribution for both the power and accessory sections.

PROCEDURE

A total of 1290 fire extinguishing teats were conducted, using
various extingmishing agents. The general test conditlons and methods
of igniting fires appear on Pages 6 and 7.

The general procedure consisted of applying extinguishing agents,
at varlous rates and durations of discharge, through various distribu-
tion systems, to gasoline and oil fires started at all possible loca-
tions throughout the powerplant installation. Eight types of fire ex-

tingpuishing agents waere included in the tests. These agants and their
characteristics are shown in Table 2.



TABLE 2

EXTINGUISHING AGENTS TESTED AND PROPERTIES

Specific Grav- | Vapor Pres-
Cu. Ft. per Lb. 1ty of Gas or sure at 20°C

Extinguishing | Molecular| Specific | Boiling Melting | of Gas or Vapor Vapor at 0°C Lbs. per 5q.
Agent We1ght Gravaty Point Point at 20°C 760 mm. 760 mm.A1r=1.0 | Inch
Methyl Bromide
Chopr 94.94 | 1.72205) | 4.6°0(6) | _g3°c(5) 4.05(6) 3.27(6) —
Carbon Daroxade
CO, 44.00 | 0.77 (5) | 78.5°c6) | 8.75(6) 1.52(6) 817(6)
Carbon Tetra-
chloride CCl, | 153.84 | 1.6326(5) | 76.8°6(6) |- 23°c(5) 2.50(6) 5.31(6) 1.76(6)
MIXTURE I . — 1.420 (7) | 120°c(7) | —53°¢(7) — — —
MIXTURE II — — 9 — — 4.14(8) — —

Mixture of various percentages of carbon dioxide and carbon tetrachloride — CO, -|-CCl4

(3)
Mixture of 30% methyl bromide and 70% carbon tetrachloride — 0.3 CHBBr-+ 0.7 CClA

(4)

Mixture of 30% methyl bromide and 70% dichlormethane — 0.3 CHgBr + 0.7 CH2012(4)

(1) Standard product of Fyr-Fyter Company, known as Karbaloy, which consists principally of potassium
carbonate.

(2) Standard product of Dugas Engineeraing Corporation, known as Dugas, which ¢onsists principally of
sodium bicarbonate.

(3) Product of Stop, Inc.

(4) Produced by Pyrene Manufacturing Corporation for these tests

(5) International Critical Tables.

(6) “"The Comparative Iafe, Fire, and Explosion Hazards of Common Refrigerants" Underwriter's laboratories.

(7) Data supplied by Fyr-Fyter Company.

(8) Data Supplied by Dugas Engineerang Corporation.

(9) Weighs 70 pounds per cubic foot.

LT
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The development of satisfactory agent distribution systems for the
power and accessory sectlons was accomplished by the trial and error
method. Eighty-five different systems were installed and tested before
the objectives were attained. These systems are shown in Figures 38 to
74. The final satisfactory systems are shown in Figures 72, 73, and 74.

The effects of rate and duration of application of the agents on
extinguishment were determined. The rate was varied from approximately
2 to 11 pounds of agent per second, applied to the entire powerplant
installation, by changing feed line and nozzle dimensions and by regu-
lating the pressures withain the extinguishing agent containers. The
duration of agent applaication was varied from a fraction of a second
to one minute. The quantity of agent used i1n each test was dependent
upon the rate ahd duratlon of application, and varied from approxl-
mately 5 to 50 pounds.

RESULTS AND DISCUSSIOR

No attempt was made, in writing this report, to tabulate the
particular test conditions and results of each indivadual fire ex-
tinguishing test since such data would be of tremendous volume (1290
tests were run), would only confuse, and would serve no useful purpose.
Tests were conducted on any one point wntil the point was accomplished
or discarded and consequently, the great majority of intermediate tests
are of no value except that they may indicate incorrect methods. How-
ever, due to constant repetition of certain phencmena many worthwhile
points were brought cut which otherwise would have lacked sufficient
substantiatlion. The number of intermediate tests necessary to obtain
results 1mpressed upon observers the futility, in tests of this nature,
of attempting to obtain dependable results wrthout conducting a great
number of tests.

Results obtained from a study of all tests, along with pertinent
dlscussions, are presented here by treating separately the lmportant
factors which affected fire extinguishment during the tests. Thess
factors are:

Air Blast Fire Conditiong ggtiggglggigg_éggnﬁ
Propeller Slipstream Type of fuel Distribution system
Wind tunnel Size Rate of Application
Position of cowl flaps Location Duration of application

Duration Quantity of agent

Type of agent
The followming effects of ailr blast on extinguishment were noted:

Extinguishing agent applled forwmard of the cylinders 1s wasted by
overflow around the outside of the NACA cowl., This was observed using
various agents, and many failures to extinguish fires aft of the cylin-
ders, by discharging extinguishing agent forward of the cylinders, were
probably caused by this waste of agent. ¥igure 75 shows this effect
in the fire spillage over the fromt of the NACA cowl from a fire source
forward of the cylinders.
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The cooling air passing through the power (cylinder) section
rapidly removes the agent applied near the fire source, and consequently
quick application and proper placement of the agent is necessary for
extinguishment. In the tests, as the rate of applicatlion of the agent
was 1ncreased, the number of extinguishments increased. This indicated
that the agent must be applied with adequate FORCE into all stratified
air currents within the power section. Furthermore, unless the agent
were distributed uniformly around the crankcase, as shown in Figure 74,
continued extingulshment of fires repeated at various locations was not
attained. For this reason, general distribution systems as described
on Page 25 were unsatisfactory.

The arr blast prombite the confining of the fire to any particular
section unless cowling joints {and joints between cowling and parts ex-
tending through the cowling) are tightly sealed. It forces fires which
occur in the power section into the accessory section, and fires which
occur within either section lnto the exhaust stack well, o1l coclers
and other areas, such as faulty air ducts and exhaust heating systems.
Many cases of this were encountered. Fires were forced into the car-
buretor intensifler heating pipe and its housing, into the wheel well
due to a faulty flrewsll, and into the closed box section comprising the
periphery of the firewall. Such fires are not reached by the extin-
quishing agent and become sources of re-ignition after the agent has
been expelled. Due to air blast, "fire tails" cling to protuberances
and other irregularities located on the OUTSIDE surfaces of the cowling
and nacelle skin. These fires were difficult to extinguish since the
extinguishing agents were expelled within the sections proper, and in
many cases such fires served as sources of re-lgnition. Only an agent
expelled from the power section which flows outslde of the accessory
gection and nacelle ls effective in wiping off these tails.

Fires from the power and accessory sections were carried past the
wheel well by the air blast. In many cases "fire talls™ were observed
whipping into the wheel well, but these fires disappeared during ex-
tinguishment. Fires which remained in the wheel well after the extin-
guishing agent was applled in the power and accessory sectlons were due
to leakages through cracks and holes in the firewall. Tests referred
to were conducted without the wheel and tire in place.

Fires in the alr blast were more intense than qulescent fires,
being similar in nature to a blow torch. In general, fires with the
cowl flaps cloged were more intense than with the flaps open. With
cowl flaps closed combustion of the fuel was more complete and the
overall effect was to decrease the assurance of extingulshment and in-
creade the probabillty of re-lgnition after extinguishment. The cause
of this could not be definitely determined, but it appeared that the
relatively smeooth air flow over the accessory cowl and nacelle skin,
with the flaps closed, caused the fire from the power section to lie
close to these surfaces, producing a hotter fire than with the flaps open.



20

It was originally intended to conduct tests to determine the effect
of power sectlon air blast elimination on extinguishment by isolating
the power section using full closing cowl flaps, before attempting ex-
tinguishment. However, as the program progressed, it became obvious
that such tests would be ummecessary. It 18 quite probable that power
section air blast elimination would allow a reduced rate of extinguish-
ing agent discharge, and permit less attention to equal distribution of
extinguishing agent behind the cylinders, but these advantages would be
more than offset by the disadvantages of loss of agent overflow from the
power sectlon necessary for wlping off accessory section "fire tails™;
of additional "fire talls™ occuwrring at cowl flap joint leaks with no
provision for wiping them off; and of increased heat due to lack of
cooling air. The power section would become in effect another accessory
section and tests have shown that to extinguish accessory section fires
the overflow of agent from the power section is necessary.

The o0lls and gasclines burned during the tests were: #10 SAE oil,
100 hour aircraft engine drain o1l, 87 cctane aviation gaseline and
safety fuel. 01ls only were burned in the powsr asection as it 1s im-
possible for appreciable quantities of gmsoline to be released in this
gection 1n an actual 1installation.

The general extinguishing problem in the power sectlion was prac-
tically the ssme for #10 SAE o1l and 100 hour drain oll fires. The
drain o1l required a little longer time than the #10 SAE oil to reach
the pame degree of combustion and consequently extinguishment was easier
in the case of draln oll fires of short durations. For fire duratlona
greater than 25 seconds no differences between fires burning the two
olls were noted. The tests indlcated that for short duration fires, as
the temperature of the oil was increased, the degree of combustion in-—
creased and extingulshment became more difficult. Complets combustidn
of all oll released in the power sectlon never occurred.

Types of accessory section fires were:

011 drainings Flres entering the accessory section
#10 SAE oil ; ~ through accidental openings from
a power sectlon source.

011 drainings) Fire source in the accessory section.
#10 SAE oil } ~ No fire in the power section.

)
Gasoline and ) _ Fire source 1in the accessory section.
Safaty fuel ) No fire in the power section.

Extinguishment comparisons between #10 SAE and 100 hour drain oil
fires in the accessory section, which were caused by fire leakage from
the power section, were as explained in the foregoing for the power
gsection o1l fires. However, there was a marked difference observed in
the degree of combustion attained between #10 SAE o1l and 100 hour drain
011 when the fire source was in the accessory sectlon with no fire in
the power section. Under these conditions the accessory cowl remained
relatively cool due to the outside air blast in contrast to the hot swur-
faces attained with the fire source in the power section. In the latter
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cage the hot surfaces, comoined with the hot exhaust manifeold, progres-
gively increased the degree of oll combustion, and consequently little
difference was noted between the two olls, as prevliously explained.

In the former case, since hot surfaces were not present, the degree of
oil combustion was low for both clls, and particularly for the drain oil.
Neither of these oll fire types was difficult to extingulsh compared

to gazsoline fires which governed extingulshing equipment in the accessory
section,

No difference was noted between flres in which safety fuel and
regular B7 octane aviatlon gascline were burned.

Of the three types of fire with the source in the accessory sectloen,
the gasoline fires were by far the most difficult to extinguish. 0il
fires caused by leakage from the power section were as difficult to ex-
tinguish as the gasoline fires WITHIN the section proper but gascline
fires produced Ufire tails' outeide the accesscry section which were much
more difficult to extlingulsh than similar oil "filre talls®. Only a
portion of the gasoline lntroduced into the accessory section burned
WITHIN the accessory section. The remainder ignlted upon its exlt through
small cracks and holea. In many tests liquld gasoline ran from cracks 1n
the accessory cowl and ignited on the outside surface of the cowl several
inches AWAY from the crack, thus makang complete extinguishment by the
accessory fection agent alone almost impossible, Although there was no
fire in the power section 1t was necessary to discharge the power section
agent, which overflowed around the accessory section, along with the
accessory section agent to extingulsh these itinerant flames and miscel-
lanecus "fire tails". The wheel well was much more vulnerable to gaso-
line fires than to oll fires since gasoline leaked 1nto the wheel well
through timy cracks in the firewall, ignited, and could not be extinguished
by the power and accessory section extlngulshing systems.

It was poseible to extingulsh oil fires while permltting the oil to
flow durlng extinguishment but gasoline "fire tails", outside the section
proper, would persist unless the gascline flow were shut off before ex-
tipcuishment was attegpted. When the gasoline was shut off, the "fire
talls® rapidly decreased in intensity and became vulnerable to the over-
flow of extinguishing agent from the power sectlon.

0il fires gradually incressed in intensity after lgnition while
gasoline fires reached maximum Intensity lmmediately after lgmltiom.
When adequate rate of applicatlion and proper distributlion of the agent
were used large (up to 5 g.p.m. of oil) and small oil fires, within the
power section proper, could be extingulshed with the same ease. Con-
versely, when inadequate rate of application or improper distribution
were used large and gmall fires were equally difficult to extinguish.
A plausible reason for this may be that the agent must be applied with
adequate FORCR into ALL stratified air currents within the power section.
Unless this is accompllshed extingulshment will not result regardless
cf the elze of the fire contained within the alr currents.
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The mbove phenomenon held true only for that part of the fires ex-«
tending a short distance aft of the fire SOURCE. For the remaining
part, which might extend partially around and into the accessory section
and along the nacelle and wing, the extlnguishing of large fires was
more difficult than that of emall fires because of the difficulty of
extingulshing long "fire tails".

Jtopping the oll flow immedlately before attempting extinguisiment
doea not simplify the extinguishing probtlem asppreclably. This is due
to the glow decresase of intensity of oll fires after oll shut-off.
However, the stoppage of oll flow prior to extinguishment precludes
the poszlbility of recurrence of the fire.

In the accessory section proper, because of the linrted amount of
air available for combustion, there was little difference in the appear-
ance of the fire WITHIN the section regardless of the quantity of gaso-
line used except for very small fires. The difference appeared in the
length of "fire talls® OUTSIDE of the section where sufficlent air was
encountered by the gasoline to complete the combustion. In all the
tepts the extingulshing problem, both inside and ocutside the accessory
section, was practically the same whether smell or large flow rates
(.33 to 7 g.p.m.) of gasoline were used. Extinguishment within the
section proper was relatively simple in all cases but mmerous "fire
tajls? which clung to the cutside surfaces of the accessory cowl and
to mlscellaneous parts aft of the cowl could not be repeatedly extin-
guished unless the gasoline flow were SHUT OFF just prior to the appli-
catlon of the agent and unless the overfloming power section agent were
applied at the same time.

Because of the variations in air blast exlsting behind the cylinders
in the power sectlon, fire extinguishment was simple or difficult de-
perding upon the partlcular location of the fire source in the region
around the crankcase. The rate of agent application was increased and
the method of distribution developed until mmerous fires could be re-
peatedly extinguished regardiess of the location of the fire source.

011 fires ignited & inches forward of the cylinders completely
fllled the NACA cowl opening, enveloped the propeller hub, spilled
around the outside of the cowl and flowed through the cylinder rows.
Foure 75 shows this effect. Such fires could not be extinguished by
the extinguishing system aft of the cylinders, but it is extremely un-
likely that oil in this locatlcen would ignite accidentally. Ignition
would more likely occur aft of the cylinders amd the tests showsd that
fire propagation forward through the cylinders, against the alr blast,
would not occur.

The location of the exhaust stack on the raight side of the engine
cauged o1l fires from the power section to burn more ilntensely and be
more difficult to extinguish on the right side than on the left side.
(An important effect of fire location near the exhaust stack relating
to flash back after extinguishment is described in Sectlon 4 of this
report.)
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The lower part of the accessory section in the test set—up incor-
porated a shrouded oil cocler which permitted a comsiderable area of
egress for burning fuels and oils. Ap a result of this comdation,
accessory gection fires introduced toward the lower reglon of the section
pregsented little extinguishment problem since mest of the burning liquids
ran out through the opening and the resultant fire wlthin the section
was small, as shown in Figure 19. Fires introduced near the top, as
11lustrated 1n Flgure 18, passed through the section, due to gravity,
ard were more difficult to extinguish.

The fire duration used generally throughout the tests was 30 seconds
for both gasoline and oil fires. O11 fires usually reached & steady
combustion state in trom 5 to 15 geconds after the fire started (aided
in many cases by the small amount of gasoline used for igrnition) and from
this time on, combustion increased slowly because of the heatihg of metal
parts contacted by the fire. Thls gradual increase 1n the degree of com-
bustion made oll fires slightly more difficult to extanguish as the
duration of fire increased.

Gasoline fires reached maximm intensity immediately after ignition
and were equally difficult to extinguish throughout durations up to 30
seconds.

Short duration gasoline fires, conducted to simulate the operation
of automatic extinguishing systems, were not appreciably easier to ex-
tinguish than fires of 30 seconds duration.

Long duration fires permlt burning gasoline or oll to seep through
small cracks into areas which may not be penetrated by the extinguishing
agent causing re-ignition of the main fire after the agent has been
discharged.

As previously stated under Procedure, correct methods of distribu-
tion of the agent to both sections were developed by trial and error.
All systems tested are shown in Figures 38 to 74 and the types of nozzles
used in Figure 76.

It was found necessary to distribute agent to the power section,
accessory section, oll cooler, exhaust stack and other locations, such
as, intensifier tubes, blast tubes, shrouds and muffs. Table 3 indi-
cates the correct methods of agent distribution at these various loca-
tions. Information on detail design of systems, lncluding nozzles,
is given in this report under n"Design Information for Extinguishing
Systems".
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TABLE 3

OPTTMUM DISTRIBUTION METHODS FOR EXTINGUISHING AGENTS

(See Figures 72, 73, and 74)

Bxtinguishing| Power Accessory 011 Exhaust Other
Agent Section Section Cooler Stack Locations
Methyl
Bramide Double slot |Perforated | Perforated [Perforated | Nogzles
nozzle at ring or tube or ring or
the base of |nozgles nozzles nozzles
each cylin- |around the
der rear case
Carbon Single or Perforated | Perforated |Perforated | Nozzles
Dioxide double slot |ring tube ring
nozzle at around the
the bape of |rear case
sach cylin-
der
Other Double slot |Nozzles Nozzles Porfcorated | Nozzles
Liquid nogzle at arourd the ring or
Agents 1 the base of | case nozzles
each cylin-
der
Sodium Blcar-|Outlet at Data not Data not |Data not Data not
bonate Powder|the base of | gbtained obtained |obtained obtalned
Compound each cylin-
der

1 Includes all other liquid agents as glven in Table 2, Page 17.
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Digtribution of the agent in the power section was much more
critical than in the accessory section due to the higher degree of
alr blast present in the power section. General type systems, designed
to flood the entire volume, wlthout regard to application at specific
locations, were satisfactory in the accessory section, but specific
type systems, deslgned to provlide systematic and equal distribution of
the agent to each cylinder, were required in the power section.

Eleven general type systems (shown in Figures 38 to 42 and 51 to
54) were tested in the power section. The agent was directed irward,
outward, forward, aft, and tangentially around the crankcase, both
forward of the cylinders, with no success, and aft of the cylinders,
with little success. The failure of the forward systems, in particular,
wag attributed partly to an observed spillage of agent around the out-
gide of the NACA cowl, and that of both systems to the inability of the
agent, due to air blast interference, to penetrate and cover all fire
areas.

After general distribution systems in the power sectlon proved
unsatiafactory, tests were made on speclfic type systems which applied
the agent systematically to each cylinder. During these tests the
agent was discharged from the cylinder head toward the crankcase
(See Figure 77A); the center of the cylinder toward the crankcase and
the cylinder head (See Figure 77B); the center of the cylinders forward
and around the cylinders %gze Figure 77C); and from the crankcase out-
ward toward the cylinder head (See Figure 74).

O0f the above methods tested, the last proved to be the most
effective from the standpoint of repeated extingulshments. By this
method, the nozzles may be located on the crankcase and would be more
likely to remain in position 1n the event of cylinder fallure than
nozzles located elsewhere. This method of individual cylinder treat—
ment lends ltself readlly to other engine installations in that the
number of agent outlets may be varied according to the nmumber of cyl-
inders. An additional nozzle located near the head of the lowest
cylinder as shomn in Figure 46 was found to be desirable because of
appreciable collectlons of burning fuels in thls location caused by
gravity.

The original test program included tests 1n which extinguishing
agent would be released within the engine crankcase. It was assumed
that a fire, occurring as the result of any englne failure, could be
extinguished by the agent escaping at the point of fallure. Ewen if
this assumption were correct, the fests conducted indicated that such
a methed would be totally ineffective on "fire tails® or on any firse
outside the sectlon proper. Similar agent application methods orig-
inally considered for use by incorporating them 1n engine oll and fuel
systems, would be ineffective for the same reason.

Thirty general type systems were tested 1n the accessory section
by directlng the agent imward, outward, forward, aft and tangentially
around the section (See Figures 51 to 73). A falr degree of success
resulted from the use of these systems but the most effective types
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are shown in Figures 72 and 73. Moderate success was attained using
only 4 agent outlets within the section proper (Figure 68) and no
success when this procedure was carried to the minimm extreme of
one outlet as showmn in Figures 61 and 71.

The oil ceooler, located at the bottom of the accessory sectlon,
required special protection, consisting of nozzles or a perforated
tube, to discharge agent between the oil cocler proper and the sur-
rounding metal shroud, as shown in Flgures 72 and 73. Such protection
was required on account of the 1nabllity of the agent discharged in
the accessory sectlon to affect this fire.

Exhaust stack protection was necessary to cut off the flames from
the power section 1n the tunnel around the stack. Thls presented
little difficulty and was accompllished equally well by use of a per-
forated tubular ring encircling the stack (See Figure 72), and by the
use of three nozzles as shown i1n Figure 73.

The tests dld not include protection inside the carburetor as
such protection now ls provided in most aircraft.

Carburetor heater lntensifier tubes frequently led to re-ignition
of fires due to a collectlon of burning liguids inside such tubes. To
prevent such re-ignition, it may be necessary to design intensifier
tubes to prevent the entrance of fire or to locate extinguishing agent
spray nozzles to direct spray into the pockets contained in such tubes.

The rate of extingulshing agent application was found to be the
most important factor affecting the ability of an agent to extinguish
fires. Air blasts rapidly dissipate the agent and penetration of the
agent into the fire is possible only by the use of an adequate discharge
rate. The minimum rates of applicatlon of the several agents necessary
to agsure extinguishment in the various sections of the powerplant in-
stallation are given i1n Table 4. These are the average rates over a
total discharge time of 2 seconds.

TABLE 4

NECESSARY MINIMIM RATES OF APPLICATION OF EXTINGUISHING AGENTS
DETERMINED EY THE TESTS

Carbon

Dioxide Meathyl Bromide Other ILiquids#

1bs/sec 1bs/sec ats/sec qts/sec
Power Section 7.0 5.4 1.5 1.7
Accessory Section 2.9 2.2 0.6 0.8
01l Cooler 0.3 0.7 0.2 0.2
Bxhguat Stack 0.6 0.7 0.2 0.3

#0ther Ligquids include: Carbon tetrachloride, mixture of 70% carbon
tetrachloride and 30% methyl bromide, and
mixtures of carbon dioxide and carbon tetra-
chloride.
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The actual rate of dlscharge of carbon tetrachloride from one
nozzle 1n the power section 13 shown by the curve in Figure 78. It may
be noted that the inltial rate of discharge along the flat part of the
curve 1s much higher then the average rate given in Table 4, which is
the average dischargs over a period of 2 seconds. It was not possible
to obtain such & curve for carbon dloxlde due to the difficulty of
collecting the gas in increments during the discharge.

In the accessory sectlon there was less meed for a high rate of
agent application than in the power section, because of lower ailr
velocities. As previously described, "fire tails" on the outside of
the accessory section and nacelle were extinguished by overflow of the
power section agent. As a result of the high air velocity, the effesct-
iveness of this overflow was determined by the rate of power section
agent discharge. Thus a high rate of agent discharge in the power
section was necessary not only to extinguish power section fires but to
extinguish fires OUTSIDE the accessory section as well.

A8 the tests proceeded, the rates of application of the agents
wore gradually increased to those shown in Table 4, until practieally
all fires, under prevalling air blaet conditions, were extinguished.
However, during this procedure, many fires were extinguished at lower
rates and 1t was valnly attempted to quantitatively determine a rate-
extinguishment relationshlip from the rate at which no fires could be
extinguished to the rate at which all fires could be extinguished. It
wag theoretically possible but physically impractical to conduct the
many tests necessary to obtain accurate data on this point due to time
and equipment lamitations, However, the probable relatlonship, indice-
ted qualitatively by tests which were conducted, is shown in Figure 79.

When adequate rate of agent application wae used the bulk of each
fire was extingulshed within one second, but a minimm of 2 seconds
was required for the agent to reach cutside *fire tails™. When inade-
quate rate was used, durations up to one minute were ineffective.

Long durations of agent application are bemeficial as they allow
time for the cooling of all parts thus minimizing the poasibillity of
re-ignition after extinguishment. However, in the tests, re-ignitlon
did not occur because of hot metal parts, glowlng carbon, or dirt par-
ticles if the duration time were two seconds or greater. In deter-
mining the total discharge time of 2 seconds shown in Figure 78, the
end of effective discharge spray was determined as the point at which
the discharge no longer appeared as a deflnlte spray patternm.

Hundreds of combinations of quantity and rate of application of
the agents were used in the tests. DBy establishment of the minimum
rates required (Table ) for a duration of 2 seconds the quantitles
given 1n Table 5 were .determined. These guantities are mlnimum and
were offective only when discharged i1n 2 seconds. If the duration were
increased beyond 2 seconds the quantities would have to be increased
proportionally since rate, and pot quantaty,1s the criterion for
effective extinguishment.
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TABLE 5

NECESSARY MINTMUM QUANTITIES OF EXTINGUISHING AGENTS DETERMINED BY
THE TESTS BASED ON DURATION OF 2 SECONDS

Carbon
Doxide| Methyl Bromlde | Other Liquids#e
(Pounds ) {{Pounds ) (Quarts) (Quarts)

Fower Section 14.0 10.8 3.0 3.4
Accessory Section 5.8 VA 1.2 1.6
011 Cooler 0.6 1.4 0.4 0.4
Exhaust Stack 1,2 1.4 0.4 0.6
TOTAL 21.6 18.0 5.0 6.0

s Other Liquids include: Carbon tetrachloride, mixture of 70%
carbon tetrachloride and 30% methyl
bromide, and mixtures of carben dloxlde
and carbon tetrachlorids.

Extinguishing egents are effective as a result of any or all of
the following actions. The smothering action, which renders air feed-
ing a fire lncapable of supporting combustion, was most effective 1n
the more or less cloged accessory sectlon. The blanketing gctlon,
which prevents air from reaching the fire, wag most effective in ex-
tinguishing "fire taile® outside the accessory section. Mechaniegl
action, which results from directing the agent across the fire with
sufficient force to cut the flame away from the fuel, was of primary
importance in extinguishing power section fires. Coolipg agtion had
little effect on test fires due to the small agent quantities and
short duration necessarlly used.

A comparison of the various extingulshing agents tested 1s given
in Table 6 in the order of merit, and 1s based on the extinguishing
abllity of the agent in the type of engine installatlon tested,
assuming that a satisfactory method of distribution and comparable rates
of application and quantities exist for each agent.
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TABLE 6

FIRE EXTINGUISHING AGENTS IN ORDER OF MERIT FOR USE IN THE TYFE OF AIR-
CRAFT POWERPLANT INSTALIATION TESTED

Order Power Section Accessory Section Overall (1)
of (011 Fires) 0il fires with |Gasoline firea
Merit gource in power|shut off before
section extingulstment
1 Methyl Bromida Methyl Bromide |Methyl Bromide Methyl
Mixture (A) Mixture (A) Bromide
2 Carbon Dioxide Carbon Dioxide |Carbon Dioxide Carbon
Carbon Tetra- Carbon Tetra- Dicxlde
chloride chlorlde
Mixture (C) Sodium Bicar-
bonate
Mixture (C)
3 Sodium Bicar- Potgssium Carbon Tetra- Carbon Tetra-—
bonate Carbonate chloride chloride
Mixture (B) Mixture (A Mixture Ec
Mixture (C Mixture (A
4 Potassium Potassium Sodiwm
Carbonate Carbonate Blicarbonate
M xture (B)
5 Potassium
Carbonate
Mixture (B)
Mixture (A) indicates a mixture of 30% methyl bromlde and 70% carbon tetra-
chlorlde.
Mixture (Bg indicates a mixture of 30% methyl bromlde and 70% dichlormethane.
Mxture (C) indicates various mixtures of carbon dioxide and carbon tetra-

chloride.
(1) Only methyl bromide and carbon dioxide are considered satisfactory for
goneral use in the type of englne installatlion tested.
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This method of comparison is essentially qualitative, as attempts
made to compare the agents on a quantltative basis could only be approxi-
mate. It would be desirable from the designer's viewpoint to present a
comparison of the agents as to thelr relative efficlency versus weights
of the complets installations. However, due to the many variables in-
volved and to the necessity for limiting the mmber of tests it was
found impossible to obtain results which would allow quantitetive com-
parisons, Other factors which would be involved in the selection of an
extinguishing agent, such as, complexlty of the distrlbution system,
containers, pressures required, line sisee, operating and handling con-
ditions, toxleity, corrosion, etc., were not considered in the above
comparison since they are design problems which have no bearing on the
relative extingulshing merits of the agents themselves.

Mothyl bromide, carbon dioxide, carbon tetrachloride and mixturea
(A) and (C) (See Table 6) extinguished oil fires with the source in
elther the power or the accessory sectlion but methyl bromide and cer-
bon dioxide were the only agents, of all those tested, which could be
considered satisfactory for sll types of flres in the type of powerplant
installation tested. All agents, except these two, lacked the ability
to extinguish gaeolire fires in the accessory sectlon and were in-
effective 1n extinguishing gasoline ¥fire talla™ on the outside surfaces
of the cowling and natelle when discharged over these surfaces from the
power section.

For gasoline fires in the accessory section, with the gasoline
FLOWING during the agent applicatlon, methyl bromide was appreciably
more effective than carbon dioxide in wiping off the outside "fire
talls® but neither agent could extinguish all such fires. When the
gasoline flow was STOPFED Just prior to agent application, this
guperlority disappeared since both agents extinguished all fires.
These fires could also be extinguished using carbon tetrachloride,
provided a lag of 8 to 10 seconds was allowed from the tlme the gaso-
line flow was stopped until the carbon tetrachloride was applied.

For all agents, the gasoline flow into the accesaory section
should be stopped before extinguishment is attampted.

It is emphasized that the comparlson between extinguishing agents
glven in the foregoing applies only to thelr abllity to extinguish fires
in flight in the type of powerplant inetallation tested.

DESIGN TNFORMATION FOR EXTINGUISHING SYSTEMS

The distribution systems, methods of feeding the distribution
systems, types and sizes of feed lines, types of agent containers and
methods of applying pressures were chosen for convenience from the
tegt standpoint. However, the specific locations for applying the
agent were determined by taklng into consideration the practicability
for installatlion in actusl alrcraft.
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In the early power sectlion tests, attempts were made to distribute
the agents to each cylinder by means of a single supply ring as shown
in Figures 43 to 46. A check of this system to determine the quantities
of agent discharged by each nozzle was made by collecting carbon tetra-
chlorlde from each nozzle and by visual observation of carbon dloxlde.
The distributlon differences when using carbon tetrachloride were as
high as 300 percent and were of similar magnitude using carbon dioxide,
Judging by visual observation. Rather than delay the tests to solve
this difficult deslign problem, individual lines, from the agent contaliner
to the nozzles giving equality of +10 percent, were installed, as shown
in Figure 48, and the tests contimued. However, later work on single
rings indicated that equality of distribution of gases and ligquids may
be obtained by metering the nogzles and feed lines on a trial and error
basis.

Expériments of this nature should be conducted with the distribu-
tlon system arranged exactly as 1t would be in the alrplane, especlally
for liquide, since 1t was found that the attitude of the ring appreci-
ably affected equality of distribution. Also, the total volume of the
system should be kept to a minimm, consistent with rate requirsments.

For distrlbution checks on liquid agents the liquild should be
collected at each nosgle. It 19 impractical to collect methyl bromide
because of its volatility but results obtained using carbon tetrachloride
instead should be satiasfactory, slnce the specific gravities of the two
liquids are nearly ldentlical. For carbon dioxide, visual observation
by means of a motion picture camera for obtalning distrlbutlon equalilty
waB satisfactory in the tests.

In the accessory section, close equality of dlstribution of the
extingulshing agent is not critical. However, no nozzle should discharge
less than about 50 percent of the quantity 1t would discharge if the
distribution were equal.

For distributlon of agent to the sectlcns, separate contalners,
valves and distribution systems were used 1n the tests, one system for
the power sectlon, the other system for the accesscory section, oll
cooler, and exhaust stack well. In actual installetions, however, sll
sections would possibly be fed by a single feed llne, which introduces
the problem of metering the correct quantity of agent to the various
sections and locations. This problem is slmilar to that of obtalning
equal distribution, as discussed above. Tolerances on quantities me-
tered to the various locatlons could not be determined in the tests.

In this case, judgment must be exercised so that the quantities distri-
buted to the varicue sections and locations reasonably approximate those
glven in Table 5.

The effect of temperature on distribution was noted 1n supplemen-
tary tests in which the lead lines to certain nozzles of a system were
heated. This resulted i1n weak discharge of agent from these nozzles,
particularly in the tests using carbon dioxide. To minimize the effect
of heating, the distributlon rings in both the power and accessory
sections should be located as close to the crankcase as posslble; also
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it 1s desirable, when practicable, to locate feed lines along other
parts, as thls permlts heat transfer away from the lines during fire
and prevents fire from entirely enclrclling the lines.

Rates of agent application were varied during the tests by chang-
ing the lengths and dlameters of feed linem, the numbers and sizes of
holes in perforated tubing, the bores and slot slires of nozzles, and
the pressures in the agent containers.

For checking the rate of discharge of gaseous agente, a motion
picture camera, taldng 32 frames per second, was used. From these
pictures the actual beglnning and end of the discharge were observed
and the interveming time determined. Ordinary visual cbservation with
stopwatch timing was not satisfactory.

For checking the rate of discharge of lliquid agents, the method
used was much more inveolved and more accurate than that used for gases.
The test set—up shown in Figure 78 was lidentical to the system on the
actual engine installation. In thls case motion plctures were taken
of two nozzles only at the rate of 32 frames per secomd. One nozzle
was used to determine the start of the discharge. In successlive tests
the discharge from the other nozzle was collected during varlous time
intervals from the start. ¥hen the quantities thus collected were
plotted against the time for these quantitles to be discharged, as de-
termined from the film, the rate curve as shown in Figure 78 resulted.
One test is required for each point on auch a curve.

To determine the best methods of spraylng the agents into the fire
areas, 20 types of nozzles, as shomn in Flgure 76 were used in the tests.
Types N-1 and N-2 were used for individual cylinder protectlon in the
power sectlon. Elther the single or dcouble slot type is satisfactory
for carbon dioxide, but the double slot type should be used for llquid
agents. The included angle of the spray pattern for each slot should be
at least 180° for both types. In the accessory sectlon the spray pat-
terns of nozzle types N-7, N-15, N-16, and N-20 were satisfactory but
N-16 and N-20 were particularly susceptible to plugging. The apex angle
of these types is unimportant and may vary between 50 and 80 degrees.

The detall deslgn of the nozzle is immaterial provided the nozzle
allows adequate flow and produces the correct spray pattern of the agent.
Aluminum alloy or other low melting point materlals should not be used
in nozzles. All nozzles usged in the tests were brass.

Nozzles designed for carbon dioxide should be checked for their
tendency to plug with carbon dloxide snow during the discharge and all
nozzles should be removable for pericdic cleaning.

Nozzles in the power sectlon should be located with respect to
the cylinders as shown in Figure 74. Their exact locations should be
adjusted with respect to obstructions to allow as clear & path for the
spray pattern as practicable. Figure 73 shows the nozzle locations in
the accessofy section. Substantigl variations in their locations and
spray angles are permissible and, if possible, the nozzles should be
spaced around the ring to avold obstructions. Figure 72 shows the
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optimum locatione for perforated tubing. The nmumber and exact size
(1/16" diameter used in the tests) of holes required in the accessory
and exhaust stack rings and in the oll cooler line will depend upon the
metering tests for determining the rate of application and agent dis-
tribution. The diameters of the holes should be as small ap poessible
go that the greatest mmber may be used, but holes less than 1/16 inch
in diameter may be subject to freezing during carbon dioxide discharpes.

Relemse valves should be quick opening so that the metering effect
of the valve during opening is reduced to a minimm. This is easential
in order to obtaln the high rate of discharge of the agents necessary
over a period of 2 seconds.

The location of carbon dioxide conteiners is an important design
detall because the temperature of the container and agent considerably
affects the rate of agent discharge, as shown by the curves in Figures
80 and 81. From Figure 81 it may be seen that the total time required
to discharge 5 pounds 10 owces of carbon dioxide Increased approximately
70 percent as the temperature of the container and agent dropped from
790 F to 32° F and the pressure from 950 lbs./sq.in. to 500 lbs./sq.in.
For convenience in many tests, the rates of carbon dioxide discharge
wore controlled by regulating the container temperature., In locating
liquid agent containers the possibility of the agent freeslng should be
consldered.

CONCLUSIONS

l. Extinguishment of most aircraft powerplant gasoline and oil fires
occurring in flight can be accomplished within reasonable welght limita-
tions, provided adequate rates of extinguishing agent application and
optimm distribution methods are used and provided further that gusoline
flow is shut off before extinguishment 1s attempted.

2. Extipguishment of oll fires cccurring in flight can be accompllshed
without stopping the oll flow but oil shut-off is advlsabls to prevent
recurrence of the firs.

3. Air blast 1s the most serious factor to overcome in the extinguish-
ment of aircraft powsrplant fires, and is overcome by using adequate
rates of agent application.

4. Gasoline fires are more difficult to extinguish in the accessory
section than oll fires.

5. The wafety fuel fires in the tests were as difficult to extinguish
as fires burning 87 octane aviatlion gasoline.

6. Within limits,.large fires are no more difficult to extinguish than
small fires.

7. The power sectlon, accessory sectlon, oll cooler, and exhaust stack
well much be indavidually protected against fire.



34

8. The extinguishing agent in the power and accessory sectlions, and
all other locations, should be discharged similtaneously.

9. Tests indicated that wheel well protectlon is umnecessary, pro-
vided the firewall be leakproof.

10. The diecharge of extingulshing agent from the power section is
necessary to extinguish accessory section fires.

11. Teats indicated thet methyl bromide and carbon dioxlde are the

only extinguishing agents of those tested which are satisfactory for
goneral protectlion against fires in flight in the type of powerplant
installation tested. MNethyl bromide was found to be the most satis-
factory agent from the fire extinguishing standpoint.

12. The rate of extinguishing agemt application is the most important
factor 1n the application of an extingulshing agent. For the entire
engine installation, a rate of application of 9 1bs/sec. of methyl
bromide or 10.8 1bs/sec. of carbon dioxide is required.

13. The minimm duration of extinguishing egent application should be
approximately 2 seconds.

14. Tests indlcated that extingulshing agent applied ahead of the
engine cylinders is ineffective amd unneceasary.

SECTION 3 — MATERIALS
PURPOJE

The purpose of the tests on materials was to study under flight
conditlons the effects of gasoline and oll fires on the materials
and equipment commonly used in aircraft powerplant installatlons.

The materials used in the components of the nacelle unit were as
follown:

Engine Moupt - SAE 4130 steel tubling of .065 wall thickness,
Bubber engine mount bushings were not installed.

r Section Cowl — Both 018 stailpless steel (18-8 Grade
Type 302) and .049 aluminmum alloy.

Diap (bulkhead separating the power section from the acces-
sory section) - .018 stainless steel (18-8 Crade Type 302).

i_;g?_gad_meggiug - .012 stainless steel sheet (18-8 Grade
Type 302).

Firewsll - .018 stainless steel (18-8 Grade Type 302) except for
an alummm alloy box section periphery (Ses Fig. &2).
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Eoglne Fyel System ~ Standard DC-3 instgllation lagged with asbes-—
tos.

Eogine 011 Syptem - 0il tank and oil lines - aluminum alloy. 01l
tank support straps - stainless steel. Hose comnections - standard AN
(neoprene) types. 01l cooler, United Aircraft Products - Model U-4210,
ptandard soldered construction, expoged to accessory sectlon fire due to
1te location at the bottem of the section as shown in Flgures 2 and 5.

To prevent power section fires from entering the oil cooler, the air
inteke was extended forward (see Fig. 2). The exterior of the oil cooler
was lagged with asbestos. Otherwise the entire oil asystem was exposed to
the teat filres.

Epgine Accessories — As described under "Ceneral Test Procedure”,
many of the engine acceasories were protected from flre by an asbestos

lagging.
PROCEDURE

A majority of these tests was conmaucted in conjunction with the
extinguishing and detector tests, amd accordingly the air blast, fire
conditions, and methods of producing fires were as described under
"General Test Procedure®.

Using 25 chromel-alumel thermocouples, and the bank of 25 pyro-
moters and slow gpeed caméra shown in Figure 11, temperatures were
recorded throughout the nacelle umt, under various fire conditlcns.
The thermocouple locations uged are shown in the followlng figures:

Figure 83 - cowling, diaphragm, wing and nacelle skin; Figure 97 -
firewall and within the accessory section; Figure 106 - behind the fire-
wall,

Tests were conducted with the wheel and tire installed in the re-
tracted position illustrated in Flgure 3. Observations were made on
the effect of fire on the tire and the ability of various fire extin-
gulshing agenta to extinguish tire blages.

An operating Eclipse Model E-160 starter was irnstalled in the
accegsory section and subjected to several gasoline fires of 30 seconds
duration, and the effects of these flres on the starter were observed.

In addition, the effects of fires were noted on cowl fasteners,
sllver soldered connectlons, blast tubes, lntake ducts and alumimmm
alloy brackets, supports, straps and clips.

T D 881

The standard DC-3 englne mount supported the weight of the power-
plant only, since no additional "GR factors were applied. The unpro-—
tected mount was subjected to the accessory sectlon temperatures dis-
cugsed on Page 11 and shown 1n Figureas 97 te 105. The mount uged
throughout the teets was undamaged, except for some scaling. Although
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no rubber engine mount vlbratlon bushings were inatslled, tests on
other rubber parts indicated that such bushings would ignite and con-
timue to burn after extinguishment of the fire, resulting in eventual
loss of the engine unless the shock units were designed to support
the engine after the destruction of rubber components.

In Pigures 84, 97, and 106 are shown the maximum temperatures
recorded throughout the nacelle unit, at locations shown in Figures 83,
97, and 106, for a serles of sixty-seven fires at varioua locations.
The maximm temperatures shown are not those reached during any one
fire but are the maximum temperatures attained at each thermocouple
location during the 67 fires.

Contimous temperature recordings during particular fires of this
series are shown am follows:

Figures B5 to 96 wlth thermocouples located as shown in Figure 83;
Figures 98 to 105 with thermocouples located ag shown in Figure 97;
Pigure 106 with thermocouples located as shown in Flgure 106,

The rates of temperature rise shown in Figures 85 to 96, and 98 to
106 are slightly slower than actual rates due to the time lag intro-
duced by the thermeocouples, but the range of high temperatures indi-
cated by these curves, and the maximm temperatures noted in Figures 84,
97 and 106, sheould prove of value in the selection of materlals for use
1n wing-nacelle-powerplant installation desipgns.

Figure 84 shows that the wing skin, toward the leading edge remains
relatlively cool, at the serc wing attack angle used in the tests,
poseibly due to boundary layer effect (See Figs. 107 and 108). However,
wing skin temperatures near the trailing edge, caused by fires such as
that shown in Flgure 19, could seriously damage fabrlc covered ailerons
and flaps within a few seconds.

The effect of a 3 g.p.m. power section oll fire of 30 seconds
duration on an .049 aluminum alloy accessory section cowl plece may
be pesn in Figure 109. In this instance the metal began to melt within
15 seconds after the fire ignition.

Accessory section gasoline flres of 30 seconds duration did not
melt this aluminum alloy cowl, due to cooling air on the outside of the
cowl dlssigating the heat produced by the fire withln the accessory
gection. FYower section oll fires generally burned both inside and out-
side the accessory section cowl with resultant cowl damage. A comparison
of cowl temperatures resulting from these two fire types may be seen 1n
Figures 85 and 90 and Figures 86 and 91.

The firewall, of steel with an aluminum alloy box section perlphery
(Figure 82), withstood all fires, except for the melting of small areas
in the forward face of the box section in a few tests. In the tests, the
firewall supported no engine loads, such loads having been taken by the
nacelle inner structure shown in Figure 8. The firewall was subjected
to temperatures shown in Figure 97. In connection with firewall failure
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during fire, extinguisiment tests indicated that the firewall should
prevent the paesage of even small quantities of gasolire into the
nacelle, since it was impossible to extinguish small nacells fires
caused by leakage through the firewall, by means of the power and
accesdary sectlon extinguishing systems. Such fires caused re-lgnition
of accegsory sectlon fires through openings in the firewall.

The elumimm alloy NACA cowl was used in all tests and was un-
damaged except for the melting of a few stiffener channels inside the
cowl. Although the .040 aluminum alloy cowl flaps occasionally melted
during particularly severe fires, the tests indicated that such flaps
were generally satlsfactory.

There were no cases of stainless steel (.012 nacelle skin, .018
accessory section cowl, or .018 firewall) melting during the tests
and the superlority of steel over alumimm alloy for all parts which
mist resist fire was clearly indicated. In designing stainless stesl
structures, proper cognizance must be glven to the fact that buckling
of ®oil canning" may occur at high temperatures, thus seriocusly re-
duclng the load carrying capabillity, particularly of thin sheet
monocoque structures. Such strength reduction may be much greater
than that due to temperature alone.

The unprotected alumimm alloy oil tank and ¢il lines were undam-
aged by any flre. The contained oll in all parts of the oil system
digsipated the absorbed heat rapidly enough to prevent the melting of
any part of the system. Although no oil was contained in the upper
section of the o¢il tank (vent space) the tank was undamaged by any
fire, although 1n many tests several minutes were required to extin-
gulsh residual fires after extinguishment fallures. Other zluminmm
alloy parts not containing 1iquids, such as the standard perforated
tubnlar extinguisher ring, melted within a short time of fire ignition.
The aluminum alloy extinguisher rings were replaced by copper rings,
which gave excellent service in the tests. Standard AN (neoprene) hose
commectlons, uwsed throughout the oll system, were undamaged by any one
fire, but gradually, as a result of many fires, Buch hoses baked,
swelled and became loose fitting. These hoses withstood all fires of
30 seconds duratlion, and appeared capable of remaining undamaged in
fires of much greater duration. In general, the tests indicated that
cll systems, contalning oil, and conslsting of aluminum alloy tank and
lines, and AN neoprene hose connectlons would not be seriously damaged
in amy one fire before the main alumimm alloy monccoque structure
would be so weakened that & major structural fallure would occur. Of
course, this would not be true with heavy structures designed tp with-
stand long duration fires.

The oil cocler, when open to a flow of cooling air using the ex-
tension shom in Flgure 2, was undamaged by hundreds of fires. During
two flres a decreamse In the volume of cool air flowlng through the
cooler caused by partial blanketing of the forward core face, resulted
in rapid melting of the soldered jolnts in the core. Engine oil spray-
ing out of the damaged cocler i1gnited from the test fire immedlately
in both instances. The oll cooler should be separated from the accessory
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section 1f possible; the air inlets to such coolers should be so located
as to prevent entrance of fire; and cooling alr should flow through the
entire oll cooler at all times during fire.

The part of the fuel system within the accessory mectlion was lagged
with asbestos to prevent vapor lock and consequent stopping of the
engine during test fires. 011 system tests proved that unlagged aluminum
alloy lines, carrying & flow of oil, would not melt during fire. However,
fire tests of fuel systems proved that vapor lock could occur within 5
secords of fire ignition and that alwmimm alloy lines would be destroyed
within 15 seconds of the fire ignition. Under the same conditions copper
fuel lines withstood many fires of durations up to one mimite.

Fires of 30 seconds duration (See Figures 14 to 19) easily ignited
the tire in the retracted position (See Figure 3). Such tire blazes
disappeared when the powerplant installatlon fires were extinguished,
but the tire continued to smolder since extinguishing agents carried aft
by the air blast were incapable of arresting this smoldering, which
burned through the rubber to the fabric within one minute. However,
tests indicated that the smoldering would not contimue indefinitely
until tire fallure.

In installations of the DC-3 type, the tire 1s less vulnerable to
fire when the landing gear 1s in the lowered position. In other de-
signs, in which the tire 1s completely enclosed within the whesl well,
tire damage due to flre 1s highly irprobabls.

Aluminum alloy brackets, supparts, straps, and clips ahead of the
firewall melted quickly during the test fires. Such parts, if important
to structure or operation, should be constructed of steel. The alumimim
alloy engine cylinder baffles were undamaged in all the tests altHough
in many cases they were directly within oll fires.

The Bclipse Starter Unit (Model E-160) installed within the hottest
portion of several accessory sectlon flres, was unsffected by several
large gasoline fires of 30 seconds duratiocn,

Steel Dgus fasteners, used throughout the cowling assembly, became
locse fitting after numerous fires, due to cowl and fastener warpage,
and to loes of spring temper, but continued to hold the cowling in place.
An alumimm alloy fastener attached to one of the accessory section
cowls melted within 10 secomds from the start of an cll fire.

Aluminum alley ducts and blast tubes were protected in the test
flres by lagging to prevent melting. Such ducts and tubes provided
dangerous re-lgnition sources by melting at vulnerable locatlons,
allowing flre to enter, and re-igniting the main fire after extinguish-
ment.

Silver soldered cormmsctions in extlnguishing agent distrlbution
systems falled in the tests and were replaced by ferrule and compression
type tube fittings.



39

The results of the temperature surveys in the accessory section
(See Figures 98 to 105) indicated stratified conditions with peak
temperatures of approximately 2050° F for both large and small gaso-
line fires. This data may be used for determining the fire resistance
of any parts to be used in accessory sectlons in the future by setting
up laboratory conditlons tc simulate this condltion. A wniform fire
temperature (not stratified) of 2000° F would be slightly conservative.

In determining the degree of fire resistance necessary for parts
within the accessory section, the overall fire resistance of all parte
should be evalusted, as closely as poasible, to obtain uniformity be-
tween critical parts as to thelr ability to resist flre. For exmmple,
nothing is galned by installing oll lines capable of reslsting gascline
fires for periods of time up to five mimmtes, when the engine supporting
atrocture would be capgble of resisting the same fire for cne minute or
less.

CONCLUSIONS

1. Temperature data obtained indicates that the integrlity of conven-
tlonal monocoque nacelle structures can be seriously jeopardized by
englne fires within a few seconds from the start of such fires.

2. The 2000° F temperature of cowl and nacelle skin resulting from
gapoline and cil fires will melt alumirmm alloy; such comditions will
not melt stainless steel but will reduce its load carrying ability.

3. Flame temperaturss within the accessory sectlon, during gasoline
fires, reached peak values of 2050° F.

4. The conventional welded steel tube engine mount used in the tests
supported the engine with no apparent damage during 1422 gasoline arnd
oil fires of durations from 15 to 60 seconds each, the majority being
of 30 seconds.

5. The firewall of .0l8 stailnless steel was undamaged by 1422 gasoline
and oll fires of durations from 15 to 60 seconds each, the majority
being of 30 seconds.

6. Alumimm alloy c¢il lines and AN neoprene hose connectlons contaln-
ing a flow of oil were not damaged by gasoline or oil fires of 40
seconds duration. Tests showed that alumimm alloy fuel lines were
destroyed by fire within 15 seconde due to vapor lock, Other aluminum
alloy lines, not carrying flows of liquid, were &lso damaged by such
fires. Copper tubing, or tubing of equal heat reslstance, should be
used for fuel lines, extingulshing systems and similar installations.

7. 0il1 cooler alr intakes muat be so located as to prevent the entrance
of fire, and cooling air should flow through the cooler dwring flre.

8. Unless protected or ramoved from flame contact, the landing gear
tire will ignite and continue to smolder for some time after fire ex-
tinguishment.
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9. The alumimum alloy NACA cowl assembly was not seriously damaged
by the fires.

10. Silver soldered connections in extinguishing systems failled during
fire tests of 30 seconds duratlon. Ferrule and compression type fit-
tings should be used in extinguishlng systems.

SECTION 4 - IGNITION
PURPGSE

The purpose of the ignition tests was to study the causes of
gasollne and oil ignition in an aslrcraft powerplant in flight and to
determine methods whereby these hazards may be reduced.

PROCEDURE

The majority of data on 1gnitlion was obteined during the tests on
extinguishers, detectors, and materials.

0il vapor explosions in the confined areas of the carburetor air
heating system (see Figure 7) accldentally occurred early in the fire
extinguishing tests in the form of flaghbacks after fires had been
extinguished. Approximately 200 tests were conducted tc obtain data
on this source of 1gnition. Tests were also conducted to determine
the possibility of spontanecus ignitlon of gasoline and oil in which
those fuels were sprayed over confined areas and the exhaust system.

Gradual deterioration of the exhaust system as the tests pro-
ceeded presented conditlons which were ldeal for observang the possi-
bility of lgnition because of faulty exhaust systems.

Accidental spark lgnitlon of oll and gasoline was simulated by
spra these liquids over electrlc sparks (15,000 volts and 30 m1lli-
amperes) deliberately produced.

RESULTS AND DISCUSSIONS

At the beginning of the tests it was determined to investigate
the possibllity of lgnltion of gasoline and oll 1n an alrcraft power-
plant due to oll vapor explosions within confined high temperature
areas, hlgh temperatures of exhaust systems and other parts, faulty
exhaust systems, and sparks produced by the lgmition system, static
conditions, or fraiction.

Early in the extingulshing tests, extinguishment was frequently
followed by the relighting (flashback) of the fire in the vicinity of
the exhaust stack. In many instances there was considerable doubt as
to whether or not the fires had been completely extingulshed and it
was thought that small unseen parts of the orlginal fire were causing
the relighting.
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To eliminate thie doubt approximetely 200 tests were conducted
in which: all materials which could have acted as wicks were removed,
smoke was forced i1nto the exhaust syatem to ascertain that no leaks
were present, excessive quantitles of extinguishing agent were used 1o
positively lnsure extinguishment, fire tests were conducted at night to
improve conditlons for viewlng the fires, windows were installed 1n
the cowling for observations within the accessory sectlon, and hilgh
speed motion pictures were taken of fires and flashbacks. All these
tests indicated that the fires were belng completely extingulshed be-
fore flashback and finally, during extingulshment of one fire, the
engine was quickly stopped, and upon the occurrence of flashback, &
distinct explosion was heard, proving beyond doubt that the fire had
been completely extinguished and that relighting had occurred.

Further tests were conducted in which it was found possible to
obtain vapor explosions without previous fire, wlth the engine either
running or stopped. The 1gnition of oil, without previous fire, could
be produced at wlll by varying the alr blast or by the addition or re-
moval of certain parts of the carburetor hot air heating system (Figure
7). These tests proved that vapor explosions were caused by the con-
fimng of air due to the muffing of exhaust manifold and stack which
permitted accumulaticns of oll vapor 1n these reglons of high tempera-
tures. Since it was impossible to obtain flashback with the fire source
at any location other than on the right side of the nacelle unit in the
vicinity of the exhaust stack, the overall hazard due to thls condition
is reduced accordingly.

Under operating conditions, the highest exhaust stack temperatures
ware found to be 1150° F, but immediately after a fire such tempera-
tures were as high as 1400° F. In laboratory tests drops of oil (#10
SAE or drain oil) would not ignite on a steel plate heated to 1400° F,
ut 0ll vapor, produced by heating a quantity of oll in a container
would ignite at approximately 750° F, without the flame contacting the
vapor. These laboratory tests confirmed the full scale tests in that
they provided an explanation as to why flashbacks occurred with no
flame present and at temperatures much below 1400° F. Removal of the
shrouding, muffing, and baffling from the exhaust system made vapor
collectione near the exhaust system impossible for the remainder of the
tests and eliminated flashback. This shrouding is shown in Flgure 7.

This 1gnition hazard, caused by the muffed type of carburetor hot
alr heating system, may be somewhat reduced by ventilating the stagnant
regions and suffering a loss ln heating efficlency. Another method of
reducing thas hazard 1s to locate the exhaust stack, shrouding, muffing,
and baffles as close as practicable to the top of the englne, since the
release of o1l is much less probable near the top of the engine than in
lower regions. Furthermore, it is possible that the air inlet to the
carburetor air heating system could be so located as to prevent the
entrance of filre or fuel.

The probability of flashback occurring after an extinguishment
would be greatly reduced by stopplng the engine before the extinguish-
ing agent 1s applied, thus allowing a reductiocn in temperature of the
exhaust system.
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In the majority of tests on this type of ignltion #10 3SAE oil
wgs burned. Other tests were conducted in which drain oll produced
the same results as the #0 SAE oil.

Since 1t is impossible for appreciable quantities of gasoline to
be released in the power section and enter the carburetor air heating
system, no power section gasoline fires were tested in comnection with
flashback. Howsver, many large accessory section gasoline fires burn-
ing in and arcund the exhaust stack muffing never resulted in flashback
after extinguishment. It is quite likely that the narrow explosion
range of gasoline as compared to that of oil makes gascline much less
susceptible to this type of ignaition than oil.

Aside from oll vapor explosions as described above, accidental
ignition, dre soplely to hot parte, never occurred during the tests.
Recorded temperatures of the exhaust system, even during fires, were
never higher than 1400° F. Since, in laboratory tests, steel plates
had to be heated above 1400° F before o1l, applied to the plates in
drops, would ignite, 1t was obvioue why accidental ignition did not
occur during the full scale tests. The coollng and smothering action
of the oll released over the hot parts was undoubtedly an important
factor preventing the ignition of the o1l by the hot parts. Apparently
the oil cools the hot parts rather than accept lgnition from such parts,

dpontaneous ignition of gasoline did not occcur, although gasoline
was in direct contact with the hot exhaust system in many of the tests.

As the result of gradual deterioration of the exhaust system, small
flame ignition sources occurred at system Joints and at burned-through
spots and such sources re-ignited oil and gasoline fires after ex-
tinguishment in many instances. Stopping the engine before extinguish-
ment would eliminate this scurce of re-ignition. The tests indicated
that initial 01l 1gnition due to this somrce would not be as probable
88 1gnition due to vapor explcsion, unless a major exhaust system
failure occurred. Minor cracks and holes in the exhaust system could
be very hazardous 1gmition sources in stagnant reglone where oll vapor
might collect

Gasoline ignited readily from small holes or cracks in the exhaust
aystem. Relightlng of test fires occurred in a few instances at the
exhaust stack outlet, making clear the necessity for locating such an
outlet as far from the powerplant proper as possible. However, as pre-
viously stated, stopping the engine before extinguishment would eliminate
this re-lgmtion source.

In the tests the spark used to ignite gasoline fires was produced
by a spark plug operating on 15,000 volts and 30 milliamperes. (011
flres were 1gnited by a small spark-ignited gasoline fire.) Gasoline
was readily ignited by this spark but hot oil (#10 SAE at 300° F) sprayed
over the apark would not igmite 1n any of the tests.
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In many tests, gasoline which had been allowed to accumulate in
the accessory sectlon could not be lgnited by a spark within the sectlon,
probably because of too rich a mixture, In such instances ignition was
obtained by locating a spark just outside an opening 1n the accessory
sectlon cowl from which gasoline was flowing.

CONCLUSI ONS

1. The most dangerous source of oll ignition 1n an alreraft powerplant
Installation 1s an exhaust system employing shrouds, muffs, and
baffles for collecting heated carburetor air.

2. Igmtion of o0il due to a well ventllated exhaust system, in good
cordition, operating below 1400° F, 13 highly improbable.

3. Gasoline is easily spark ignited and oil is difficult to ignite by
sparlk.,

4. Stopping the engine before extinguishing a fire considerably re-
duces the possibility of flre re-lgnition after extlnguishment.

5. Faulty exhaust systems are probable sources of inlitial i1gnition,
and very probable sources of fire re-lgnitlion after extingulsiment,
unless the engine is stopped.

6. Ignition of gasoline and oil never occurred during the tests due
solely to hot metal surfaces. However, hot metal surfaces, in
combination with stagnant volumes of air and oll vapor could be
a gource of fire ignition, as stated in Conclusion 1.



TABLE 7
FIRE TEST STATISTICS

NUMBER OF TESTS CONDUCTED]|

QUANTITIES OF AGENTS USED
FIRE RATE TOTAL
TEST TESTS TESTS FIRES RATE TESTS | TOTAL TESTS
Carbon Dioxide 635 228 863 11,580 1bs. 2,200 1lbs. | 13,780 1bs.
w|Carbon Tetrachloride 425 147 572 666 gals. 92 gals. 758 gals.
El{ethyl Browide 107 9 116 69 gals. 3 gals. 72 gals,
Mlgodium Bicarbonate 80 14 9% 1,783 1bs. 147 1bs. | 1,530 1bs.
= xture _(70% Carbon Tetrachloride
2 (30% Methyl Bromide 24 9 33 22 gals. /, gals. 26 gals.
Elﬁxture _(70% Dichlormethane
B (30% Methyl Bromide 6 0 6 4 gals. 0 4 gals.
S| Potassium Carbonate 5 0 5 4, gals, 0 4 gala,
H Carbon Tetrachloride
H[ixture _ECa:rbon Dioxide 4 20 24, 11 gals. 4 gals, 15 gals.
Water 4 1 5 8 gals. 2 gals. 10 gals.
Total Number of tests on
Extinguishing Agents 1290 428 1718
Detector 90 — 90
Ignition Study Fire Tests 26 29 55
Preliminary Fires 16 — 16
TOTAL TESTS 1422 457 | 1879
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FIGORE 1. Test layout.
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FIGURE 3. Three—quarter front view of Nacelle Unit.
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FIGURE 4. Powerplant installation (left side) after 1200 fires.
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ALUMINUM ALLOY OIL TANK

OiL COOLER

INTERCYCLINDER BAFFLES REMOVED
LEAVING OPENINGS BETWEEN CYLINDERS

FIGURE 5. Powerplant installation (right side) after 1200 FIGURE 6. View of unprotected aluminum alloy oil tank.
fires. Arrow shows opening between cylinders
due to the removal of the intercylinder baffles
as described under ®General Test Procedure".
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FIGURE 9. Control shed interior showing gasoline and
oil control valves.



FIGURE 10. Control shed interior showing engine instruments
and cperating controls.



FIGURE 11. Control shed exterior showing pyrometer
bank and recording camera.
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AUXILIARY GASOLINE SUPPLY LINE

FIGURE 13. Fire nozzle.

FIGURE 14. 5 gallons per minute power section oil fire.
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FIGURE 15. 5 gallons per minute power section oil fire.

FIGURE 16. 5 gallons per minute power section oil fire.



FIGURE 17. 11 gallons per minute accessory section oil fire.

FIGURE 18. 6.5 gallons per minute accessory section gasoline fire.



FIGURE 19.

6.5 gallons per minute accessory section gasoline fire.

6%



PIGURE 20. Fire nozzle in position in the power section. FIGURE 21. Diaphragm showing continuous detector installed.
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FIGURE 22. Flame type detector (Walter Kidde & Co.)
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FIGURE 23. Flame type detector (Dugas Engineering Corp.)
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FIGURE 24. Flame type detector (Graviner Mfg. Co., Ltd.)
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FIGURE 27. Metal expansion type detector (Thomas A. Edison, Inc.)



—~— SOFT TIN ALLOY

LEAF SPRING
aaaaa 4 TENSION ADJUSTING L1 7 APPROX. .003 THICK
{ e —— SCREW inll —— NICKEL PLATING
PORCELAIN BEADS
SPACED APPROX.
14 INCH APART
WIRE CONDUCTOR
- INSULATION
ELECTRICAL METAL f
CONTACTS -~ HOUSING
FIGURE 28. Metal expansion type detector (Fenwal, Inc.) FIGURE 29. Fusible alloy type detector

(Fenwal, Inc.)

99



OUTER CONDUCTOR

RUBBER ~————>—

OUTER BRAID

FIGURE 30.

INNER CONDUCTOR-SLOTTED

FUSIBLE ALLOY

Fusible alloy type detector
(Sealand Corp.)

67

b2l

.. PRALE
o AN

~—*— METAL CYLINDER

COLD JUNCTION HOT JUNCTION

SLOT THERMOCOUPLE UNIT

EBl - WIRE BRAID

FLEXIBLE TUBE —

NICKEL "%« ASBESTOS INSULATION
CONNECTING WIRE —»— "
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(See also figure 21)
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MINUTE TO 68 GALLONS
PER MINUTE

DIAPHRAGM

DETECTORS SHOULD BE LD-CATED—T)J
CLOSE TC FIRE WALL EDGE !
DETECTING ELEMENTS SHOULD BE
AWAY FROM FIREWALL TD INSURE
FLAME CONTACT

S

A

DETECTORS SHOULD BE LOCATED ALONG REAR
EDGE OF OIL COOLER SHROUD QR ANY QTHER

CoOL
gk ER

BANK OF INDIVIDUAL DETECTORS
(CUT AWAN EACH CONNECTED ELECTRICALLY
PGINT OF POSSIBLE FLAME EGRESS TO SKENAL LIGHT IN THE ENGINE
2 CONTROL SHED
il COOLER SHROUD
CUT AWAY)

FIGURE 34  Optimum lecations for continuous type firn

FIGURE 35 One method used to determins optimum fire detectar
detactors in the powsr end macessory sections

locations and number of detsctore required in the
accoscory gaction {Onsuccessful as the fire never
reached the detector bark vicinity)



EDGE OF FIRE WALL
CONTINUQUS DETECTCR
IND¥IDUAL DETECTOR
BOTH DETECTORS WERE
COMNMWECTED ELECTRICALLY
TO SIGHAL LIGHTS IN THE
ENGINE CONTROL SHE’L_-——’

o
FIRE SPREAD MAY BE ACCESSORY SECTION GASOLINE
LESS THAN 5 iNCHES

FIRES YARIED FROM 1 3
[\
INDVIDUAL FIRE DETECTOR Géttg:;iﬂ“w:ﬂigo 68
PLACED AN ARBITRARY DISTANCE 1
FROM THE FIRE EDGE

FIGURE 36 Final method used ta determine optimum fire detector
location and mumber of detectors required in the
accessory sactilon (Detector locations ware varled
with respect to the fire until detector flaghed fire
alarm within 3 sacends of fire start)

—~t———12 YOLTS ——

DETECTOR MOVED RAPIDLY
TC DOTTED POSITION

DETECTOR ELECTRICALLY CONNECTED TO
12 VOLT BATTERY AND SIGNAL UIGHT
OPERATING TIME STARTS AS DETECTOR
ENTERS FLAME STOPS WHEN SIGNAL LIGHT
FLASHES ON TIMED BY STOF WATCH

SCREEN

FLAME TEMPERATURE 2050°F MEASURED
BY A CHROMEL ALUMEL THERMOCOUPLE

j—————— BUNSEN
QF 418 GAUGE WIRE BURNER

FLAME AREA SHOULD BE LARGE
ENOUGH TO COVER DETECTOR

FIGUEE 37. Method for determining detector operating time



4 EXTINGUISHING SYSTEMS TESTED AT THIS LOCATION 3 EXTINGUISHING SYSTEMS TESTED AT THIS LOCATION

(8) 28 1/16” DIA. HOLES DISCHARGED FORWARD A (a) 28 1/16” DIA HOLES DISCHARGED 45° FORWARD AND AWAY
(b) 28 1/16” MA HOLES DISCHARGED AWAY FROM CRANKCASE FROM CRANKCASE

(@) 56 1/16” DIA HOLES DISCHARGED TOWARD CRANKCASE (b) 28 1/16” DIA HOLES DISCHARGED AWAY FROM CRANKCASE
() NO DISCHARGE FROM FORWARD RING B SAME AS A EXCEPT

(3} NO DISCHARGE FROM REAR RING (b} 28 1/16” DIA HOLES DISCHARGED 45° AFT AND AWAY FROM
(b} 28 1/16” DIA. HOLES DISCHARGED AWAY FROM CRANKCASE CRANKCASE

SAME AS C EXCEPT C SAME AS A EXCEPT

(b) 56 1/16" DIA HOLES DISCHARGED AWAY FROM CRANKCASE (b) NO DISCHARGE FROM FORWARD RING

FEED LINE

FIGURE 38. Power section distribution FIQURE 39. Power section distribution
system {general type), system (general type).



2 EXTINGUISHING SYSTEMS TESTED AT THIS LOCATION 1 EXTINGUISHING SYSTEM TESTED AT THIS LOCATION

2 RINGS CONNECTED FED BY SINGLE FEED LINE A 80 1/16” DIA HOLES DISCHARGED 45° FORWARD
A (a) 28 1/16' DIA HOLES DISCHARGED 45 FORWARD AND TOWARD CRANKCASE
AND AWAY FROM CRANKCASE
{by 28 116" DIA HOLES DISCHARGED 45 AFT AND '__ .
TOWARD CRANKCASE T T = - =
B fa) 40 1/1& DIA HOLES DISCHARGED 45 FORWARD -

AND AWAY FROM CRANKCASE / h

(b) SAME AS A {b) AN
\
- _ RING INCOMPLETE HERE \
- - (40 HOLES ON EACH _ -
~ — SIDE OF INLET TEE) ‘\‘\\ \
N Ay

L

f ; \ Y

ALB \ . L ‘\
(@ (b) \ i ’ /’
smat! \ [ Y FEED J’ “
g 8~/ LINE e, ‘(

X
/
— = P
by w! i’
FEED LINE T O /
- / ‘ J /
“a P / ‘ —

FIGURE 40 Power sectlon distributlon system FIGURE 41. Power section distribution system (general type).
(general type).



1 EXTINGUISHING SYSTEM TESTED AT THIS LOCATION 5 JEXTINGUISHING RINGS TESTED AT THIS LOGATION
A SI?C?{?&E?DO(;JJNETSSAT’E:DASCF?I;::I‘-( ?%?IVV:;T)DC%';I"JC:E?SE 7 AFT OF CYLS SPRAY DISCHARGED DIRECTLY AWAY FROM CRANKCASE
B TOTAL OF 11 SPRAY NOZZLES 4 FORWARD OF CYLS
7 AFT OF CYLS SPRAY DISCHARGED AWAY FROM CRANKCASE
C TOTAL OF 7 SPRAY NOZZLES AFT OF CYLINDER HEADS ONLY
SPRAY DISCHARGED DIRECTLY TOWARD CRANKCASE

FIGURE 42 Power section distribution system FIGURE 43. Power sectlion distribution system
(general type). (apecific type).

£L



5 EXTINGUISHING RINGS TESTED AT THIS LOCATION

A TOTAL OF 11 NOZILES 4 NOZZLES FORWAND OF LYLS 1 EXTINGUISHING RING TESTED AT THIS LOCATION
7 NOZZLES IN PLANE MIDWAY BETWEEN CENTER LINE A TOTAL OF 14 NOZZLES 1 AFT OF EACH
OF FRONT AND REAR CYLS DISCHARGED AWAY FROM CRANKCASE CYL DISCHARGED TOWARD CRANKCASE

B

TOTAL OF 7 NOZZLES IN PLANE MIDWAY BETWEEN CENTER LINE
OF FRONT AND REAR CYLS DISCHARGED AWAY FROM CRANKCASE
C TOTAL OF 11 NOZZLES 4 NOZZLES FORWARD OF CYLS = — e e
DISCHARGED AWAY FROM CRANKCASE 7 NOZZLES IN PLANE T O e—
MIDWAY BETWEEN CENTER LINE OF FRONT AND REAR CYLS
DISCHARGED TANGENT TO THE CRANKCASE
D SAME AS C WITHOUT NOZZLES FORWARD OF CYLS

~
E SAME AS C EXCEFT 4 NOZILES FORWARD QF CYLS
DISCHARGED TOWARD CRANKCASE

N1

FEED LINE—/

FIGURE 4. Power section ddstribution system FIGURE 45.

Powsr mection distribution system (specific typa).
(specific type).

L



6 EXTINGUISHING RINGS TESTED AT THIS LOCATION
A TOTAL OF 14 NOZZLES ON CRANKCASE 1 AFT OF EACH CYL
DISCHARGED AWAY FROM CRANKCASE
B SAME AS A EXCEPT EACH NOZZLE DISCHARGES TWO SPRAYS ONE AFT OF THE OTHER
C SAME AS B EXCEPT AN EXTRA NOZZLE DISCHARGES 2 SPRAYS AFT OF OIL SUMP
D SAME AS B WITH 2 NQOZZLES AFT OF CYL NO & ONE AT BASE OTHER AT HEAD
BOTH DISCHARGED AWAY FROM CRANKCASE
E SAME AS D EXCEPT ALL NOZZLES DISCHARGED ONE SPRAY
F SAME AS A EXCEPT NOZZLES AFT OF FRONT CYLS LOCATED HALF WAY OUT
CYL BARREL DISCHARGED 360°
(SEE NOZZLE TYPE N 5 FIG. 76)

EXTINGUISHER

CYLINDER NO 8
RING

{BOTTOM FRONT)

CYLINDER NG 8 oL
(BOTTOM FRONT) SUMP

EXTINGUISHER RING

FIGURE 46 Powsr section distribution system (gpecific type)

2 EXTINGUISHING RINGS TESTED AT THIS LOCATION

A TOTAL QF 7 NOZZLES ONE FORWARD OF EACH REAR
CYL. HALF WAY OUT ON CYL BARREL DISCHARGED SPRAY
BOTH TOWARD AND AWAY FROM THE CRANKCASE
EACH NOZZLE CONTAINS 12 1/16~ 0IA HOLES

B SAME AS A EXCEPT NOZZLES TURNED TO DISCHARGE
PARALLE! TO CRANKCASE

i FIGURE 47  Power section dlstribution system (specific type)
[l



2 EXTINGUISHING SYSTEMS TESTED AT THIS LOCATION

A ONE NOZZILE AFT OF EACH CYL OM CRANKCASE
DISCHARGED AWAY FROM CRAMKCASE EACH NOZZILE FED
INDEFENDENTLY BY FEED LINE FROM DISTRIBUTOR AT EXTINGUISHER
EACH NOZZLE DISCHARGED 2 SPRAYS ONE AFT OF THE OTHER

B SAME AS A EXCEPT EACH NOZZLE DISCHARGED ONE SPRAY

T

=23
H“

"l:;lﬂ"
L
=

FIGURE 4B

Power section digtribution oystem (specafic type)

2 EXTINGUISHING SYSTEMS TESTED AT THIS LOCATION

A ONE NOZZLE AFT OF EACH CYL AT CRANKCASE CISCHARGED
AWAY FROM CRANKCASE

B SAME A5 A EXCEPT EACH NOZZLE OUT AT CYLINDER HEAD
DISCHARGED TOWARD CRANKCASE

FEED LINE ——=[ -

FIGURE 49 Power sectlon distribution system (speci,['ic type)

9L



2 EXTINGUISHING SYSTEMS TESTED AT THIS LOCATION

2 EXTINGUISHING RINGS TESTED AT THIS LOCATION
A 1 NOZILE AFT OF EACH CYL OGN CRANKCASE A (3) 6 NOZZLES THROUGH DIAPHRAGM TO POWER SECTION
DISCHARGED AWAY FROM CRANKCASE {b) 5 NOZZLES TO ACCESSORY SECTION
(c} 2 NOZZLES TO EXHAUST STACK

2 IDENTICAL SPRAYS ONE AFT OF THE OTHER
(@ 1 NOZZLE TO HOT AIR DUCT
B SAME AS A EXCEPT A NOZZLE ADDED AT BOTTOM

OF ACCESSORY SECTION

(2 NOZZLES SIDE BY SIDE AFT OF BOTTOM CYLINDER)
B SAME AS A EXCEPT ONE NCZZLE ADDED AT HEAD OF

BOTTOM CYLINDER

N
AN
\
ALB \
= N-4 \
L) 3
=ang
o
a3
L]
FEED LINE /
Ir_‘:__- : ’[
=" /
FIGUEE 50. Power section distribution asystem FIGORE 51. Power and accessory sectlon distribution
system {general type).

(specific type).



1 EXTINGUISHING SYSTEM TESTED AT THIS LOCATION 2 EXTINGUISHING SYSTEMS TESTED AT THIS LOCATION

A. (@) 6 NOTZLES TO ACCESSORY SECTION DISCHARGED 45° A (a) 5 NOZZLES TO POWER SECTION DISCHARGED AWAY FROM CRANKCASE
AFT AND TOWARD CRANKCASE (b) 5 NOZZLES TO ACCESSORY SECTION DISCHARGED TOWARD CRANKCASE
{b) 5 NOZZLES TO POWER SECTION DISCHARGED (¢} 6 NOZZLES DISCHARGED TOWARD EXHAUST STACK
TOWARD CRANKCASE (d) 1 NOZZLE DISCHARGED INTO HOT AIR DUCT
(c) 6 NOZZLES DISCHARGED TOWARD EXHAUST STACK B SAME AS A WITH NO POWER SECTION NOZZLES (a)

e e

FIQURE 52. Power and accessory section distribution FIQURE 53. Power and accessory section distribution system
aystem (generai type). {general type).



L)

5 EXTINGUISHING SYSTEMS TESTED AT THIS LOCATION

A {a) 5 NOZZLES 70 ACCESSORY SECTION DISCHARGED AFT AND 2 o HGUISHING SYSTEMS TESTED AT THIS LOCATION
AWAY FROM CRANKCASE A (8 28 1/16” DIA. HOLES DISCHARGED FORWARD
(b} 3 NOZZLES TO POWER SECTIIN DISCHARGED AWAY b) 6 1/16° DIA HOLES DISCHARGED TOWARD EXHAUST STACK
FROM CRANKCASE {c} 6-1/16” DIA HOLES DISCHARGED INBOARD (HOT AIR SPILL DUCT)
{c) 6 SLOTS DISCHARGED TOWARD EXHALST STACK B SAME A5 A EXCEPT
. gﬁ:;&ﬁtgﬁég%mﬂw OVER OIL COOLER (6) NO HOLES DISCHARGED TOWARD EXHAUST STACK
(d) 2 NOZLES DISCHARGED OVER OiL COOLER C SAME AS A EXCEPT
C SAME AS A EXCEFT (c) NO HOLES DISCHARGED INBOARD ( HOT AIR SPILL DUCT)
(d) NO NOZZ1ES DISCHARGED OVER OIL COOLER D SAME AS C EXCEPT
D SAME A5 A EXCEPT (8) 34 1/16~ DIA. HOLES DISCHARGED FORWARD

{b) NO NOZZLES DISCHARGED TQ POWER SECTION
(d) 2 NOZALES DMSCHARGED OVER OIL COOLER
E SAME AS A, EXCEPT
{a) 8 NOZZLES TO ACCESSORY SECTION DISCHARGED
AFT AND AWAY FROM CRANKCASE
) NO NOZILES DISCHARGED OVER OIL COOLER

FIGRE 54 Powsr and accessory sectlon distribution FIGURE 55
syetem (genoral type)

Accessory section distribution system (general type).



4 EXTINGUISHING SYSTEMS TESTED AT THIS LOCATION

116 RGED FO 1 EXTINGUISHING SYSTEM TESTED AT THIS LOCATION
A () 20 DIA HOLES DISCHA RWARD A (a) 6 NOZZLES TO ACCESSORY SECTION

(b} € 1,16 DIA HOLES DISCHARGED TOWARD EXHAUST STACK

{c] 51/16 DIA HOLES DISCHARGED INHOARD TO HOT {b) 2 NOZZLES TO EXHAUST STACK

AJR SFILL DUCT
(d) 51,16 DIA HOLES DISCHARGED INBOARD TO HOT
AIR SPILL DUCT VALVE
e} 5 116 DIA HOLES DISCHARGED OUTSIDE COWL
TO SIMULATE CARBURETOR LEAD
B SAME AS A EXCEFT
(6) 11 116 OIA HOLES DISCHARGED TOWARD EXHAUST STACK
C SAME AS A EXCEPT
() 211 26 DIA HOLES DISCHARGED TOWARD EXHAUST STACK
D SAME AS A EXCEPT
{p) 9 1/16 DA HOLES DISCHARGED TOWARD EXHAUST STACK
{c) NO HOLES DiSCHARGED INBOARD TG HOT AlR SPILL DUCT
1d) WO HOLES DISCHARGED INBOARD TO HOT AIR SPILL DUCT VALYE

(c) 1 NOZZLE TO HOT AIR DUCT

FEED LINE —& =y

L

FIGURE 56 Accessory section dilstributlon FIGURE 57.

Accessory section distribution system {genersl. type).
system (general type)



2 EXTINGUISHING SYSTEMS TESTED AT THIS LOCATION

INGUISHING SYSTEMS TESTED AT THIS LOCATION
A (8} 6 NOZZLES TO ACCESSORY SECTION DISCHARGED TOWARD CRANKCASE 2 Bt

(b} 1 NOZZLE DISCHARGED TOWARD OIL COOLER A (@ 5 NOZZLES TO ACCESSORY SECTION DISCHARGED
(©) 1 NOZZLE DISCHARGED INTO HOT AIR DUCT AFT AND AWAY FROM CRANKCASE
(d) 6 SLOTS DISCHARGED TOWARD EXHAUST STACK (b) 3 NOZZLES DISCHARGED INTO EXHAUST STACK WELL
B (m) 6 NOZZLES TO ACCESSORY SECTION DISCHARGED 45" (¢} 1 NOZZLE DISCHARGED FORWARD AND DOWN ON OIL COOLER
AFT AND TOWARD CRANKCASE B SAME AS A EXCEPT
(b) NO NOZZLE DISCHARGED TOWARD OIL COOLER {c} 2 NOZZLES DISCHARGED DOWN ON EITHER SIDE OF OIL COOLER

(¢) 1 NOZZLE DISCHARGED INTQO HOT AIR DUCT
(@ 9 1/16”7 DIA. HOLES DISCHARGED TOWARD EXHAUST STACK

~
~
i - - \\ \
:_) N _
AN Y
g /
Yo
i AN // f”/\ Y &
[ e ¥ A,% \
T T
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\»‘\\ o :]—}!l
(i Y
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N
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/ |
(b N5 N7 N13
ol — 4 )
P
/
/
FIGURE 58. Accessory section distribution system FIGQURE 59. Accessory sectlon distribution system

(general type). {general type).



A

1 EXTINGUISHING SYSTEM TESTED AT THIS LOCATION
(a) 7 NOZZLES TO ACCESSORY SECTION
AFT AND AWAY FROM CRANKCASE
() 3 NOZZLES DISCHARGED INTO EXHAUST STACK WELL
(e) 2 NOZZLES DISCHARGED DOWN ON ETHER SIDE
OF OIL COQLER

FIGURE 60,

Accessory sectlon distribution system
{general type).

3 EXTINGUISHING SYSTEMS TESTED AT THIS LOCATION
A (a) 1 NOZILE TO ACCESSORY SECTION DISCHARGED SPRAY CONE
FORWARD FROM FIREWALL
(b) 2 NOZZLES DISCHARGED INTQO EXHAUST STACK WELL
B SAME AS A EXCEPT
(b) NO NOZZLES DISCHARGED INTO EXHAUST STACK WELL
C SAME AS A EXCEPT
{a) NOZZLE DISCHARGED 30 UPWARD AND FORWARD FROM FIREWALL

‘ ~

FEED LINE —E£22 22—

—“
G

(b) N8 N11
!
{
\

N F
e A&
I
\ | 1
Il
h N_ ST
VT |
A ‘} L v i/
b s
Yay
\ " FED BY LEADS FROM / '
= POWER SECTION SYSTEM
0 ‘Z:_/’ - — - — - = 7 - )
/ 3
/
v

FIGURE 61.

Accessory section distribution system
(general type).



3 EXTINGUISHING SYSTEMS TESTED AT THIS LOCATION

1 EXTINGUISHING SYSTEM TESTED AT THIS LOCATION A (a} 24 1/16 DIA HOLES DISCHARGED AWAY FROM CRANKCASE
A {a) 2 NOZZLES TO ACCESSORY SECTION ONE DISCHARGED INBOARD AND DOWN ?’}: iﬁ; m :'.OO'I-_ESE Dnliﬁmzt;a?n ;Uu":;'?; EXHAUST STACK
C.
FROM EXHAUST STACK WELL OTHER DISCHARGED FORWARD FROM FIREWALL (SIMULATED CARBURETOR LEAD) oL
{b) 2 NOZZLES INTO EXHAUST STACK WELL B SAME AS A EXCEPT
(€) 51716 DIA HOLES DISGHARGED DOWN JUST FORWARD OF
OIL COOLER
T SAME AS A EXCEPT
- - = - {a) TOTAL OF 23 1/1& DIA HOLES TO ACCESSORY SECTION
—~ 11 DISCHARGED AFT 12 DISCHARGED AWAY FROM CRANKCASE
~ D SAME AS C EXCEPT
N ) 3 1/16* DA HOLES DASCHARGED DOWM JUST FORWARD
. OF 0IL COOLER
-~ ~ A\ E SAME AS B ENGEFT
A (a) 46-1/16 DIA HOLES DISCHARGED FORWARD AFT
) NN TOWARD AND AWAY FROM CRANKGASE
—
AN
Y RS
2
i N
‘-r‘(— -
| |
\ [
N - —
FED BY LEADS \3‘:‘- L]
FROM POWER
SECTION SYSTEM \ [ |
o
-
/
FITORE 62 Accessory a@ectlon dietribution system FIGURE 63 Accessory section distribution

{general type) system (general type).



1 EXTINGUISHING SYSTEM TESTED AT THIS LOCATION

1 EXTINGUISHING SYSTEM TESTED AT THIS LOCATION A (a) 46-1/16" DIA. HOLES DISCHARGED FORWARD AFT
A (a) 39 1/16” DIA HOLES DISCHARGED IN VARIOUS DIRECTIONS INTO ACCESSORY SECTION TOWARD AND AWAY FROM CRANKCASE
(b} 9 1/16” DIA. HOLES DISCHARGED TOWARD EXHAUST STACK (b) 9-1/16" DIA HOLES DISCHARGED TOWARD

EXHAUST STACK
(c) 51/16 DIA. HOLES DISCHARGED INTO SPACE

UNPROTECTED BY ACCESSORY SECTION RING

} (a) ARRANGEMENT OF 1/16 DIAMETER HOLES

PIGURE 64. Accessory sectlon distribution eystem (gensral type) FIGURE 65

Accespory section distribu-
tion system (gemeral type)



2 EXTINGUISHING SYSTEMS TESTED AT THIS LOCATION
A (a) 7 NOZZLES TO ACCESSORY SECTION DISCHARGED
AFT AND AWAY FROM CRANKCASE
{b) 3 NOZZLES DISCHARGED TOWARD EXHAUST STACK
{cy 2 NOZZLES DISCHARGED FORWARD QF AND DOWN
EITHER SIDE OF OIL COOLER
B SAME AS A EXCEPT
{©f NO NOZZLES DISCHARGED AT DIL COOLER

\ /

—_— = —

FIQURB 66, Accessory section distributlon
aystam {general type)

A

1 EXTINGUISHING SYSTEM TESTED AT THIS LOCATION

{a) B4 1:16” DIA HOLES DISCHARGED AWAY FROM CRANKCASE
(p) 81/16 DIA HOLES DISCHARGED TOWARD EXHALST STACK
(¢ 51'l6 DIA HOLES DISCHARGED DOWN FORWARD OF OIL COOLER

o e

FEED LINE

~
N
PN
) W
= 7o
‘T\“:“““ \} 2\“\ N —~
| \\J Y V/;I
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I ] |
1 et
N [ — =7
Nl 7 — /
VL |/.f
A |7
o ?
/ .
) - =1 -
b —
Pl LB
/

FIGURE &7.

Accessary sesction diptribution system
(general type).



6 EXTINGUISHING SYSTEMS TESTED AT THIS LOCATION 1 EXTINGUISHING SYSTEM TESTED AT THIS LOCATION

A {a) 4 NOZZLES XSCHARGED FORWARD FROM FIREWALL A (2) B NOZZLES DISCHARGED AWAY FROM CRANKCASE
(®) 8 HAUST STACK Lomn i e o ARD gt (b) 3 NOZZLES DISCHARGED TOWARD EXHAUST STACK
(e c) 2 NOZLES DISCHARGED DOWN FORWARD OF OIL COOLER

(c) 5-1/16" DIA. HOLES DISCHARGED DOWN FORWARD OF GIL COOLER
B SAME AS A EXCEPT (b} 15-1/16 D4A. HOLES DISCHARGED TOWARD EXMAUST STACK
C SAME AS A. EXCEFT (b) NO DISCHARGE TO EXHAUST STACK
D SAME AS A EXCEFT (¢} NO DISCHARGE DOWN FORWARD OF OIL COCLER
E SAME AS B EXCEPT (c) NO DISCHARGE DOWN FORWARD OF OIL COOLER
F SAME AS O EXCEFT (b) 3 NOZZLES DISCHARGED TOWARD EXHAUST STACK
(SEE FIGURE 66{b) )

FIGURE 68 Accesmory section distributicn systen FIGURE 69 Accepmory section distributlon systom (general type)
(general type)



1 EXTINGUISHING SYSTEM TESTED AT THIS LOCATION
A (a) 10 NOZZLES DISCHARGED TOWARD CRANKCASE
{(b) 3 NOZZLES DISCHARGED TOWARD EXHAUST STACK
(¢) 2 NOZZLES DISCHARGED DOWN FORWARD OF OIL COOQLER

FEED LINE —4— . l_:-_"_:;-l

FIGURE 70. Accessory sectlon distribution
system (genersl type)

1 EXTINGUISHING SYSTEM TESTED AT THIS LOCATION
A (a) 1 NOZZLE DISCHARGED FORWARD FROM FIREWALL
{b) 1 NOZZLE DISCHARGED INTO EXHAUST STACK WELL

\ /

FIGURE 71 Accessory section dlstribution system
(general type).

LB



2 EXTINGUISHING SYSTEMS TESTED AT THIS LOCATION
A {a) 46 1/16 DIA HOLES DISCHARGED FROM RING

1 EXTINGUISHING RING TESTED AT THIS LOCATION
(b) 81/16 DIA HOLES DISCHARGED TOWARD EXHAUST STACK A a) B NOZZLES TO ACCESSDRY SECTION DISCHARGED
(c) 51/16 DIA HOLES DISCHARGED DOWN FORWARD OF OIL COOLER AFT AND AWAY FROM CRANKGASE

B SAME AS A EXCEPT

(b) 3 NOZILES DISCHARGED TOWARD EXHALST STACK

(c) 2 NOZZLES DISCHARGED DOWN ON EITHER SIDE
FORWARD OF OIL COOLER

{a) 84 /16" DIA HOLES DISCHARGED FROM RING

(a) ARRANGEMENT OF 1 16 DIAMETER HOLES LOCATION OF SPRAY NOZZLES

IN THE ACCESSORY SECTION

S DIAPHRAGM
ENGINE
MOUNT RING
EXHAUST
STACK EXTINGUISHING RING
WELL
EXHAUST
STACK
SHROUD
EXHAUST
EXHAUST STACK STACK WELL
EXHAUST EXHAUST STACK
ic) VEXTINGUISHING LGOP STACK sHROUD

YIEW FROM REAR OF EXHAUST STACK

YIEW FROM REAR OF EMHAUST STACK
PROTECTION ( SHROUD IN PLACE)

PROTECTION ( SHROUD IN PLACE)

FIGURE 72

Matribotion system used for axtinguishing accessory Matribution system ueed for extinguishing aocessary
section flres with gaseous extinguishing agenta

sootion fires with liquid extingmishing agents.



OVERLAPPING SPRAY PATTERN NOZZLE TYPE N 2 (SHOWN) (SEE FIG 76)

OF 3 NOZZLES 2-SLOT NOZZLE USED FOR LIQUID EXTINGUISHING
AGENTS NOZZLE TYPE N 1 ONE SLOT NOZZLE USED
FOR CARBON DIOXIDE GAS

EXTINGUISHER RING

14 SPRAY NOZZLES
USED (ONE NOZZLE AT
THE REAR OF THE BASE
OF EACH CYLINDER)

BN Rl AN R A SN AR

NOZZLE FEED LINE

NOZZLES SO LOCATED THAT PART
OF FORWARD SPRAY STRIKES
REAR OF CYLINDER HEAD

180° SRAY PATTERN
FOR ONE NOZZLE

FIGURE 74. Spray nozzle locationsg used for extingulshing
power sectlon fires.
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FIGURE 75. BExample of fire spillage over front of N. A. C. A.
cowl from fire source forward of cylinders.



TIGURE 76. MNozzle types used 1n tests. Arrows
Indicate spray direction
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(A)
NOZZLE TYPE N 1
SEE FIG 76
i
/
e,
N— (Cc)
() NOZZLE TYPE N6
NOZZILE TYPE N 17 SEE FIG 76
SEE FIG 76

4
N |

/t///\

SN — {Aﬁg

FIGURE 77 Three mothods of individiaal cylinder treatment
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graiies SSEaan 5 HH *
4 " END OF EFFECTIVE DISCHARGE SPRAY St -
8 NOZZLES (TYPE N-2 FIG 76) f
8 LEADS 3/8 OD x 032 | :
111892 CC of ]
i CCla (2 QTS) {
,,,,,,Jrr,, 1
= MANIFOLD ,
EXTINGUISHER 3/4 | D FLEXIBLE TUBE ] =
H TEST SET UP —]
H Tl (MEASURED BY PHOTOGRAPHIC METHOD AS DESCRIBED |3 iy
8 UNDER “EXTINGUISHERS") 1=
H 2365 CC of CCly DISTRIBUTED TO EACH NOZZLE, ]
DUE TO SPILLAGE, EVAPORATION, AND QUANTITY  H =
LEFT IN LINES ONLY 90°/- WAS RECOVERED ST
T TIMING INACCURATE  FHH HHHHES Tl
BELOW THIS POINT  [[TT1H] B
sk 5 H—= artz Er g T I
w s o e aEEIEESEEANSE .
i VA 2 e HIHH ST
— ph =
EesaSH RN i a R e : “HY ACTUAL RATE AT 04 SECONDS = 264 CC /SEC
iR OVERALL AVERAGE RATE = 118 CC /SEC
] — T 1T T [ I e e Il : L T ][ a
20 40 60 80 100 120 140 160 180 200 220

QUANTITY OF CARBON TETRACHLORIDE DISCHARGED FROM ONE NOZZLE IN CC
NOTE ( RATE OF DISCHARGE 1S SHOWN AS THE SLOPE OF THE CURVE)

FIGURE 78

Rate of carbon tetrachloride discharge from
cne power section nozzle.
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TIME IN SECONDS



ALL FIRES

EXTINGUISHED

PROBABLE RATE EXTINGUISHMENT RELATION

INDICATED BUT NOT PROVED BY TEST

- NO FIRES
A RATE I EXTINGUISHED

THIS POINT IS NOT ZERO RATE MINIMUM RATE AT WHICH ALL FIRES
BUT INDICATES RATE BELOW WHICH WERE EXTINGUISHED
NO FIRES WERE EXTINGUISHED (THESE MINIMUM RATES FOR

NOTE:

ALL EXTINGUISHING AGENTS
APPEAR IN TABLE 4 )

This curve 18 not to be used as a quantitive relationship. It is merely a method of
11lustrating the probable qualitative relationship existing between the rate of agent
application and the extinguishment efficiency.

No two fires tested were i1dentlcal and each fire burned according to the set of con—
ditions exasting at the time of the fire. As the rate of application of the agent was
increased 1t became possible to extinguish more and more of such fires, until the
increase 1n rate became adequate to extinguish all fires This point 1gs noted on the
curve ag the minimum rate at which all fires were extinguished.

FIGURE 79. Power section extinguishment efficiency vs.
rate of extinguishing agent discharge.

76
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FIGURE 107. Fire pattern showing boundary layer effect. FIGURE 108. Soot pattern showing boundary layer effect.
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FIGURE 109. Effect of 3 gallons per minute power section
o0il fire of 30 seconds duration on aluminum
alloy accessory section cowl.



