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DETKWRUTIONOFMEANS TOSAFBGUARDAIRCRAFI 
FROMPollERpLANT FIRES IN FLIGIPP -PART I 

The problem of providing adequate fire protection, in flight, fos 
modern, tightly cowled, air-cooled radial aircraft powerplant installa- 
tions of conventional design was attacked experimentally. A full scale, 
operating Douglas DC-3 engine-nacelle-wing combination was constructed 
and placed in a controlled air blast to simulate actual flight conditions. 
Guantitiea of gasoline and oil mere ignited at locations throughout the 
powerplant installation nhere fire might occur as a result of failures 
of the engine or the fuel or oil systems. 

The test procedure consisted of 4 phases of investigation: (1) fire 
detection, (2) fire extinguishment, (3) effect of fire on materials, and 
(4) eources of ignition. 

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

The extinguishing tests showed that the extinguishing of fuel and 
oil fires in flight is practical within certain limitations of fire sise 
and duration. Such limitations arise prima~~ly from the necessity of 
using extinguishing system of reasonable size and weight. In addition, 
the tests resulted in an evaluation of various fire extinguishmug agents, 
the determination of optimum methods of application of the agents tc the 
powerplant installation, and the establishment of correct operating con- 
ditions during extinguishment. Criteria for the detailed design of fire 
extinguishing systems are presented. 

The tests on materials were confined to the actual materials and 
equipment comprising the test set-up. During oil 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 fire on the oil and gasoline 
systems, the engine accessories, the oil tank and cooler, the engine 
mount, the landing gear and tire, and miscellaneous components. The 
superiority of steel over alminm alloy in locations of high temperature, 
and the ability of filled oil systems to withstand serious fires were 
clearly indicated in the tests. 

The ignition tests were conducted to determine the possibility of 
spontaneous ignition of fuel and 011. The tests clearly Indicated that 
ignition sparks, exhaust system muffs for obtaining carburetor heat, or 
cracks and openings in the exhaust system are possible ignition sources. 
These tests also showed that spontaneous ignition would not oocur on 
umsuffed exhaust systema in good condition. 
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In general, the methods developed to provide adequate powerplant 
fire protection in flight, and varlatlons of these methods, should 
lead to practxal solutions of the problems encountered III this field 
of fire protection. 

INTRODUCTION 

The problem of applying additional safety measures against fires 
in the powerplants of public air carrier axcraft became urgent during 
the latter part of 193G, because of the occurrence of several engine 
cylinder failures In flight, some of which resulted in powerplant 
fires. The Clvll Aeronautics Admiustratlon was requested by the au 
transport industry, through the Air Transport Assoclatlon, to expand 
a fire test program, then being planned, to include uwestigatlons on 
fire detectlon, extmgulshlng, and other pertinent phases of the fire 
problem in an effort to reduce the hazards associated tith aircraft 
powerplant fires. Accordingly, the TechnIcal Developent mvlslon of 
the Clvll Aeronautxs Adrmnutratlon began the investigation by circu- 
latlng questlonnau-es throughout the Industry lAhlch resulted 111 the 
preparation of a proposed test program for the approval of all concerned. 
Actual tests of a IX-3 type powerplant lnstallatlon were started In 
November, 1939, and concluded In May, 1941. Tests on other type in- . 
stallations were tiedlately begun and are now in progress. 

The ever-present quantities of fuel and oil may be released by 
the failure of fuel and oil systems, or by engine structural failures, 
and lgnltlon 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 is of primary importance. 

Most present day alrcraft are not equipped mth fire detectors 
or mth means for shutting off the flow of engine 011 while In flight. 
Fire-proof steel bulkheads separate the engines (power sections) from 
the accegsory sections, and the accessory sections from the nacelles 
In au carrier axcraft, but altimnn alloy Is used extensively through- 
out the rest of the engine Installation and in the nacelle construction. 
Fire extingushing systems are confined to the accessory sections and 
these normally consist of perforated alumuwm alloy tubular rings con- 
nected to a supply of carbon &otide located elsewhere in the auplane. 
Little effort has been made to provide fxre protectIon in the power 
section of a radial air cooled engine. 

Little was bown of the efficacy of the accessory section fire 
extinguishing systems commonly used and almost nothing ms known of 
p-r section protection. AvaIlable literature on aircraft fire pro- 
tection revealed that some full scale testing had been done by the 
rmlitary services and private Industry. However, In these tests, 
actual flight condltlons were only partially simulated and the test 
equipent consisted mainly of now obsolete In-line engines. It was 
obvious that the results of such tests were Inadequate for application 
to mode&, high powered, tightly cowled, au-cooled radial engFne In- 
stallations. 
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Because of the meager and inapplicable information available on 
the sub3ect of aircraft powerplant fire protection, it was decided 
to conduct a comprehenslve test program Including as objectives in- 
vestigatlons of fire detectors, fu-e extingmshers, materials ad 
equpment, and fue lgnitlon posslbllities. Information was desired 
as follows 

1. Fire Determination of mutable detector types 
for powerplant use and of optmum detector locatIons in the powerplant. 
mstallatlon. Also, mfomatmn on tune of operation, ablllty to 
withstand severe operating conditions and proof against false alarm. 

2. WExtQxuishera: A knowledge of the posslbilltles of 
extmgmshing fu-es in au-craft pomrplants, evaluation of fue ex- 
ting-mshmg agents and methods of theu appllcatlon. Information on 
the rates and durations of their applications in the power and acces- 
sory sections, on the weights of the agents and dlstrxbutlon systems, 
and on the design of the necessary plpmg and controls. 

3. &&z&a and &uiment: Determination of the relative fu-e 
resistant propertIes of various materials comprising powerplant in- 
stallatlons and of the temperatures encountered m the cowling, fire- 
vail, nacelle and wing du-mg typxal oil and gasoline fires. Also, 
informatIon on the proper use of materuls to obtam maxImum fire pro- 
tection. 

4. YlLr.dIg utlon Posslbllltles Information on the causes of 
igmtion of oil and gasoline fires and the determination of methods 
whereby thm hazard may be reduced. 

i It was consIdered necessary to simulate, as closely as possible, 
the condltlons enstmg in an au-craft powerplant installation in 
flight. This smulatlon requu-ed the use of an operatmg full scale 
engme mstallatlon, nacelle, and mng section m.th the necessary 
controls and a mnd tunnel to produce an air blast to sumlate the 
forward motion of the airplane. 

The tests described m thx report pertam only to radial air 
cooled a-craft engmes of conventional design, as described on Page 
5. However, certam results of thm program are applicable to other 
powerplant mstallat~on types. 

Through the cooperation of the National Bureau of Standards, 
where all tests were conducted, an outside mnd tunnel and other 
necessary facllitles were made available. 

As this test program was the fu-st of its type and highly impor- 
tant to aeronautIca safety, and because of the laok of published 
mfomtlon on the subJect, It was consldered desu-able to solxit 
the advice and suggestIons, before and during the tests, of experts 
in this field. Excellent cooperation was received and acknowledgment 
is aven to the following organizations, which supplied the personal 
servxes of their engmeermg staffs, valuable test materials, and 
equlpmentn 
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Aluminum Company of America 
American &lines, Inc. 
American Mstrict Telegraph Company 
American-IaFrance-Fosmite Corporation 
American Steel and Wire Company 
Carnegie-Illinois Steel Corporation 
Douglas Aircraft Company, Inc. 
Dugas Engineering Corporation 
Eastern Air Lines, Inc. 
Eclipse Aviation 
~i.;GjluddManufacturing Company 

. 
Nationh Bureau of Standards 
Pan American Airways, Inc. 
Phister Manufactwing Company 
Pratt &Whitney Aircraft 
Pyrene Matiacturing Company 
Stop, Inc. 
SummerillTubingCompany 
The Fyr-Fyter Company 
The Sealand Corporation 
The Weatherhead Company 
Thmas A. Edison, Inc. 
United Air Lines Transport Corporation 
United States Navy Department 
Walter Kldde & Company 

lBCEIPTION OF TEST EQUIPMENT 

A sketch of the complete test layout LS shown in Figure 1, ami 
a sketch of the nacelle unit in Figure 2. A photograph of the test 
set-up is shown in Figure 3. 

The 'Ring, nacelle, powerplant test set-up was identical in di- 
mensions to a standard ccssmercial Douglas m-3, Pratt &Whitney 
1830-B engine Installation. (See hgures 4 and 5). The engine in- 
stallation proper was identical to that of the DC-3 except that a 
special oil system was installed in which the oil 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 oil cooler were protected against fire by a laggong, 
consisting of asbestos cloth soaked in materglass. In the early 
fire tests the crankcase also was lagged but this was later found to 
be unnecessary. The oil system (including tank), firewall and engine 
mount were unprotected. A photograph of some of the lagging used 
appears in Figure 5. 

The engine was completely equipped for remote control operation 
during the tests. 

i 

, 
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The test equipent consisted of: 

g&t&: Pratt &Whitney 183OSB3G, Wasp - U+ cylinders, twin row, 
radial, air-cooled aircraft engine, rated at 1000 HP at 2650 RPM (Take- 
off power), and 900 HF at 2450 RPh! (Maxlrmrm except take-off power). 

Prooellq. Hamlton Standard, 3 blades, metal, constant speed, 
controllable pitch, 11 l/2 feet in diameter, type 3E50. 

&mine Cowl: Standard DC-3 aluminum alloy NACA cowl equipped ulth 
adjustable alxnum alloy cowl flaps. 

AcceaspLv Section Cowlmgm Standard LYZ-3 accessory section cowl- 
mg of .049 alummum alloy and .018 stainless steel, of the 18-8 Grade 
Type 302. 

shown 
. Hot and cold air intake systems as 

NM-. Brternal dimensions Identical to E-3, 
skin of .012 stamless steel. of the 18-S Grade Tme 302. Nacelle 
and sdng skin carried no load. Engine loads supported by mternal 
welded steel tube truss shown in FIgore 8. The wheel well an the 
nacelle was fitted to receive a standard E-3 landing wheel. 

ne Control Shed* (See Figure 1) Houses engine controls and 
instruments, 011 and fuel control valves, controls for regulating 
fires in the powerplant, a bank of 25 pyrometers and recording camera 
and a detector slgnal panel. See Figures 9, 10, and 11. 

QiIJ and Fuel Tom<: (See Figure 1) Supported drums contaming 
gasoline for engine operataon and gasoline and 011 for producing fires. 
011 drum was equipped with mmersion type electrxal heaters. A dla- 
gramatic sketch of the piping from the tower, through the engane con- 
trol shed, to the powerplant installation and the fare nozzle 1s show-n 
m Figure 12. 

Fire Nozzle<: (See Figure 13) The fire nozzle was attached to 
flexible tubing to penrut applacatlon at any point withm the power- 
plant installation. A small auxiliary gasolane supply line was at.- 
tached to the maan nozzle to supply small quantities of gasolane to 
facilitate the ignitaon of the oil. An aircraft spark plug for pro- 
duclng a high tension Ignition spark was provided at the nozzle outlet. 

er Shed: (See figure 1) Housed the extin,guishFng 
agent contavlers and valves whxh were connected by the extinguisher 
feed lines to the power and accessory section distrlbutlon systems. 

If~nd Tunnel: (See Flgmre 1) Maximum air speed at outlet was 
70 m.p.h.; outlet hameter 7 feet; outlet located 5 feet forward of 
propeller. 



6 

Gj%NERALT&ST PRO- 

In order to properly smulate the condition of fire m flight in 
was necessary to control the two prmcipal factors mvolved - air blast 
and fire condltaons. 

The volume of air passmg through the power section was of major 
concern and was affected by cylmder bafflmg, mind tunnel ax speed, 
engme speed, and the degree of cowl flap opening. The xaaximm wind 
tunnel outlet air speed attamable was approxmately 70 m. 
standard inter-cylinder baffles were removed (See Figure 5 P 

.h. The 
to smu- 

late higher au speeds by allowmg a greater volume of am to pass 
through the power section. (See dmcusslon under Section 2 for effect 
of ax blast on extmguxhment.) The approximate air volumes passing 
through the power se&Ion, measured by means of a pltot static tube, 
were as follows. 

AIR VOLUME 

Wiral Tunnel Airflow 
Flaps AU Speed Engine Speed lbs/'hr 

Full Open (23' 
1 

70 m.p.h. 0 46,500 
Nl open (230 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 m a few instances, all the tests were run at 70 m.p.h. mnd 
tunnel air speed, at 2,000 engine r.p.m. and mth the cowl flaps fully 
open. (The tests indicated that the use of greater air speeds would 
not alter the general conclusions.) 

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

No. 10 SAE 011, rather than heavier oils, was used in the majority 
of oil fire tests to facilitate handlmg and qnition. Some tests were 
conducted usmg actual K&hour aircraft eng%ne dram 011 to compare 
the burning characteristics of the light and heavy oils. In all cases 
the 011 was preheated to 3000 F. to smulate the release of hot 011 
from an overheated engine. 

87 Octane aviation gasolme and safety fuel were used Fn the fuel 
fire tests m the accessory section. The safety fuel flash point K.S 
105O F, and the distAlation end pomt 400° F. 

The maximum rate of oil flow used to feed power section 011 fires 
was 5 g.p.m. (gallons per mirrute). The ollwelghed 6.5 pounds/gallon. 
This corresponds to an engine 011 inlet rate of 130 pounds/minute, if 
It be assumed that 25 percent of the mlet oil reaches the power section 
and flows out through a fracture. Further, If the engme were stopped 
and the oil flow shut off at the tank mmedlately after an actual 
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fracture occurred, the 5 g.p.~. maximum 011 flow used in the tests 
would correspond to 2.5 gallons of residual oil umformly Jettisoned 
for 30 seconds. Figures 14, 15, and 16 show typxal 5 g.p.m. oil 
fires mth the source m the power section. Tests were also con- 
ducted usmg flow rates of less than 5 g.p.m. for comparative results. 

The maxmm rate of 011 flow used to feed accessory se&Ion 011 
fires was arbitrarily set at 11 g.p.m. Fires burning such a quantity 
of 011 could occur as a result of rupture of the 011 tank or of the 
011 lines between oil tank, engme and 011 cooler. An 11 g.p.m. 011 
fu-e mth the source III the accessory section is Illustrated m Figure 
17. 

The rates of gasoline flow used to feed accessory sectmn gaso- 
lme fires were varxd from .33 to 7 g.p.m. Figures 18 and 19 shm 
6.5 g.p.m. gasoline fues vnth the source m the accessory sectlon. 
Tests were conducted m whxh gasolme was allowed to accumulate m 
the accessory section prxor to lgrmtlon (explosion ignltlon). 

In the power section, fires resultmg from cylmder failures 
were smulated by mtroducmg a burnmg stream of 011 between the 
engme cylmders. The fire nozzle is shorn m the power section in 
Fqure 20. The nozzle du-ectmn ms varied at each inter-cylmder 
locatlon around the engine. The fore and aft lmts of the fxe 
nozzle locations were the forward edge of the front row cylinders 
and the rear edge of the rear row cylmders, and the radial range 
extended from the crankcase out to the cylmder heads. In addltlon, 
the fire nozzle was located Just aft of the propeller to smulate a 
propeller governor oil supply lme failure. 

In the accessory sectIon, fires resultmg from oil and fuel line 
failures were simulated by placmg the fire nozzle outlet just mslde 
the accessory section cowl (See Figures 35 and 36). This was done at 
four locatlons around the cowl and, at each location, the nozzle angle 
was varied with respect to the cowl. 

The fme duratmn used in the majority of tests ms lirmted to 
30 seconds. It was assumed that an au-plane crew, alded by a quick 
actmg fu-e detector, would apply the fire extmguisher well mthm 
thm tme. Tests were also conducted usmg very short fire durations 
to smmlate automatic fire extlngumhmg sptems. 

The test fires were ignited by an electric spark. In the case 
of 011 fu-es a small stream of gasolme was fust ignited by the 
spark to facllltate the lgnltlon of the 011. 
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STION 1 - DETECTCIQ 

PURPOSE 

The purposes of the tests on fire detectors were: 

(1) To develop, test, and compare various types of fire detectors 
to be used for detecting gasoline and 011 f-es occurring In both the 
power and accessory sections of an aircraft powerplant Fn flight, and 

(2) To determine for each detector type the number required, the 
optlmum locations, and the time necessary for operation. 

DESCRIPTION OF DETECTORS TESTED 

All suitable types of fxre detectors were Investigated to determine 
those whxh rmght beat be used m aircraft powerplant installations, 
and as a result, several types were obtained and tested. The detectors 
tested were of two general classifications - wt and continuous. A 
unit detector 1s an indlvldual type capable of detecting flame at or 
near the partvxi~ar detector location. (See Figures 22 to 28.) A con- 
tenuous detector may be in the form of a wxe capable of detecting a 
fire anywhere along Its length (see fig. 21). A continuous detector 
could be considered a large number of urnt detectors connected closely 
together in series. 

Five detector types tested were: 

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

(2) Metal expansion typg which operate on the principles of 
direct or differential expansion of metals due to xxreases 
of temperature. 

(3) Fusible alloy>-= which operate by the melting of metal 
alloys. 

(4) Thermocoupmyp_e whxh 1s operated by an excessive rate 
of temperature rise. 

(5) IoIusltion typ> whxh 1s operated by the electrxal 
conducting properties of a flame. 

The lndlvldual detectors tested are described as follows: 

Unit Flame Typo - Walter Kldde & Co. See Figure 22. 

The flame detecting elements of thx detector consist of two 
nylon elements ~II tenslon, hold- open two spring loaded electrical 
contacts contained mthln a switch housing. Two nylon strands are pro- 
vided to prevent a false alarm due to the accidental breakage of 
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either strand. The nylon strands are furnished in two lengths - 
3/8 and 13/4 aches, and two dxmeters - .012 and .016 Inches. 

Unit Flame ms - Dugas Engineering Corporation. See figure 23. 

The flame detecting element of this detector consists of a 
flame sensltlve cord hol&ng an electrical mtch in the open posltion 
by means of a metal clip. 

Unit Flame Typo - Graviner tinufactuw Co., Ltd. See Figme ?A. 

The flame detectlug element of this detector consxsts of a 
cotton flame link which holds a spring loaded electrical sntch in 
the open posltlon. 

Umt Metal Expansion Tm - American &strict Telegraph Company 
See hg-tre 25. 

This detector consists of a convex sheet metal disc flX& 
to a base at three points on Its periphery. An increase of tempera- 
ture causes the dxc to "011 can" making electrical contact between 
a plunger or, the disc center and contact points built into the base. 

Unit M&XL Expansion T~FB - Amerxan-LaFrance FoamLte Corp. 
See Figure 26. 

This detector 1s sirrclar In operation to the American 
tistrxt Telegraph Company type described above but differs in de- 
talled design. See Fqgures 25 and 26 for comparison. 

Rut Metal &panslon Typs - Thos. A. Edison Inc. See Figure 27. 

This detector operates on the principle of bimetallic strip 
deflection and resultant electrxal contact. The entire unit 1s en- 
closed in glass. 

Unit Metal Expansion Typo - Fenwal, Inc. See Figure 28. 

'l7-1~ detector consists of a hollow cyl~ndr~calmetal housing 
encloslng two curved metal strips, the ends of whxh are securely 
attached to the ends of the houslng. Longitudinal expansion of the 
metal housqg results ~TI lateral displacement of the metal strips 
brealdng the electrxal contact between them. 

Continuous- - Ferrual, Inc. See Figure 29. 

TIM detector consists of a mre conductor upon wlch are 
strung porcelaFn beads of unxform size. This "necklace" is enclosed 
In a sheathing of soft tin alloy plated mth nickel. The melting 
point of the alloy sheathIng determInes the temperature at which the 
detector operates. When this temperature is reached the alloy fuses 
but the nxkel plating, having a much higher melting pox-&, remaFns 
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in tubular form. The fused alloy then completes an electrical circuit 
between the nickel tube and the wire conductor. 

Continuous Fusible Alloym- - Sealand Corporation See Figure 30. 

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

an - Thos. A. Edison, Inc. See figures 21 and 31. 

This detector consists of hot and cold junction chromel- 
constantan thermocouple units connected together in series and housed 
and insulated within a flexible metal tube. Since only the hot junctions 
are open to the flames, the detector operates on the rate of temperature 
rise principle. The small current produced by one or more of these 
thermocouples in case of fire ia sufficient to operate the relay fur- 
nished with the detector. The cold junctions are not fully enclosed but 
are shielded from flame in order that ambient temperature changes due to 
6ngine operation produce no temperature differential between hot arkl cold 
jmnctions. 

continuous Ionization 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 moleculea are split into positive and negative ions capable 
of conducting electricity. This phenomenon is 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 in the detector circuit 
actuating a relay. 

A basic size gasoline fire (.33 g.p.m.) was arbitrarily established 
for power section detector tests. The spread of this fire as it emerged 
from the power section is shown in Figure 32. A fire of this size, 
occurring m flight, would not be mediately damaging to the primary 
structure. However, it was considered that this or larger fires should 
be rapidly detected. Although the rapidity of power section fire de- 
tection 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 
section detector tests were conducted using gasoline fires rang-Lng in 
quantity of gasoline flowing from .33 g.p.m. to 7 g.p.m. - including 
"explosion" fires, i.e., fires ignited after gasoline had been flm 
into the 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 wwer section tests the basic detector fire was ignited at 
an arbitrary locatlon and its spread on the diaphragm was observed. 
A unit type detector was placed an arbitrary distance outside the fire 
spread as shown in hgure 32, and the time lag observed. This pro- 
cedure was repeated, moving the detector closer to the fire each time, 
until the tine lag did not exceed three seconds, or until the detector 
was within the flame. Using an average deterrmned fire spread around 
the diaphragm of 22 inches the necessary spacing for unit detectors 
was determined. Continuous detectors were placed nithin the flame and 
the time lag noted. 

To determine the effect of rain on the operation of detectors 
a etream of water at the rate of 50 g.p.m. was introduced into the 
air stream forward of the propeller by means of a fire hose, 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 operation of unit detectors in the accessory 
section when located as far as possible from the fire source, the de- 
tectors were placed with respect to the fire as shown in Rgure 35. 

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

RESULTS & DISCUSSION 

The detector tests resulted in obtaining criteria for the design 
of fire detectors and for the application of detectors to aircraft power- 
plant installations rather than in deternnning the suitability of the 
particular detectors tested. Most of the detectors tested were designed 
specifically for these tests and further developent is necessary before 
they will be suitable for use on actual aircraft powerplant installa- 
tions. However, the data obtained in testing these detectors petit 
the establishment of design criteria which may serve as bases for con- 
tinued 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 
velocity turbulent air blast conditions, always spread appreciably 
over the outside of the accessory section. The average width of this 
spread, using the basic power section detector gasoline fire of .33 
g.p.m. was appro-tely 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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the stratifled air. the stratifled air. The proper locations and spacing for unit The proper locations and spacing for unit 
as given m Figure 33 mere based on the 22-inch average fire as given m Figure 33 mere based on the 22-inch average fire 
the basic power section detector fme. the basic power section detector fme. 

Temperatures during fires in the accessory sectlon mere recorded 
and are shown by the curves M-I Flgures98, 99, 100, and 101. These 
curves show that large variations In temperature existed throughout 
the accessory sectIon regardless of the quantity of gasolme used to 
feed the fire. This lack of temperature uniformity vas probably due 
to fire stratlflcatlon caused by air currents enterdng through cowl 
cracks, blast tubes, and sxaiLar openmgs as well as the coolmg effect 
of unburned gasolme. The accessory section detector tests substantl- 
ated this probability in that the operation of unit type detectors was 
generally very slow unless the detector were placed in a locatlon 
actually enveloped in flame. Also, under certain fire conditions, the 
flames would follow a narrow path through the section and would emerge 
from an openmg in the same narrow form, with little or no fire in the 
rest of the section as shw In Figure 36. Such variable accessory 
se&Ion fire condltlons presented detectlon problems which could be 
solved by the use of contmuous detectors or closely placed wut 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 detectwn due to am stratification. 

Observations of r~umrous flrea showed that the optimum detector 
locatxons were the pomts of flame egress from the powerplant instal- 
latlon. Thm limited the power section detector locations in the 
tests to the diaphragm, and the accessory section detector locations 
to the fx-mall edge and the rear of the oil cooler shroud. 

The spacmgs for flame and metal expansmn type umt detectors 
are given in Flgwe 33. Flame type detectors were sensltlve to small 
talla of flame whereas metal expansvm type detectors had to be corn- 
pletely enveloped in flame for rapid operation. Hence, flame type de- 
tectors could be spaced 27 inches apart but metal expansion type detec- 
tors requx-ed 21 Inch spacmg. 

To assure quick detection m the accessory se&Ion for cases of 
stratafled fire condxtlons as shown in Figure 36, the spacmg for all 
types of unit detectors should not exceed 5 iuches, as shown in 
Figure 33. Such detectors were required completely around the flrewall 
as well as around the rear edge of the 011 cooler shroud, due to the 
numerous points of flame egress that efiated. 

The optinrum locations for continuous detectors are shcmn In 
Fuzz-e 34. 

The maximm air temperatures attained during engine operation in 
both the power and accessory se&Ions of the powerplant lnstallatlon 
ware m the range of 300' F. The majority of detectors tested, there- 
fore, were deslgned or adJusted for operation above 400' F. Obviously, 
any detector temperature setting must be suffxlently higher than the 
uaxbaum operating temperatures to preclude the posslbillty of a false 
alarm when no fxe axlsts. 



13 

As the detectors tested were in various stages of development, 
and because of the difficulty of repeating identical fires, quanti- 
tative comparisons between particular detectors were impossible-to 
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 It *as necessary to establish a relation between full scale 
fire conditions and laboratory fire conditions. In a series of full 
scale fires the American-IaFYance-Foamite Corporation detector was 
tested and arbitrarily made standard for the tests, as it was con- 
sidered the moat highly developed detector at that time. The time 
required for operation of this detector under actual full scale con- 
ditions was from 3 to 5 seconds. A Bunsen burner aas then set up, as 
shown in Figure 37, and the flame temperature regulated until this 
detector responded wxthin 3 to 5 seconds after being thrust into the 
flame. Thx flame (205OO F.) was then considered to be equivalent to 
actual full scale conditions 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 
for each detector is given in Table 1. The operating time relation- 
ships shown in this table substantiate in general those observed during 
the full scale teats on all the detectors. 

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

TIME REprrrFXD FOR DETECTOR OPERATION 

Detector 
Manufacturer 

American-IaFrance- 
Foamite Corp. 

Thomas A. Edison, 
Inc. 

II " 

Fenwal, Inc. 

" n 

~nerlcan mstrlct 
Telegraph Company 

" " 

Oravlner Mfg. Co., 
Ltd. 

Walter Kldde & Co, 

Dugas Eng. Corp. 

Sealand Corp. 

Detector 
Type 

Metal 
expanmon 

n 

” 

Thermocouple 

Metal 
expansion 
Fusible 
Alloy 

Metal 
expansion 

Ionlzatlon 

Flame 

Flame 

Flame 

Fusible 
alloy 

n 

Temp. 
Settmg 

400° F 

500' F 

400° F 

- 

400° F 

500' F 

- 

- 

- 

- 

160° F 

250' F 

cm-at% 
Tme (Sets.) 

3.5 

5.7 

15.5 

0.8 

4.0 

3 .L 

4.5 

0.2 

0.0 

0.2 

9.1 

10.5 

Remarks 

Xass caa- 
Lng broke 

iot tested 
in this 
blame but 
operated II 
_ sec. in 
:ull scale 
;ests. 

m (1) All detectors were tested in an ordmary Bunsen burner flame 
as shown in Figure 37. The flame temperature was 2050° F, as de- 
termned by a chromel-almel thermocouple of #18 gage tire. 

(2) For any particular detector, the operating tme should vary 
with the temperature settmg. 



Tests in which water was sprayed into the mnd tunnel air stream 
forward of the propeller to sxnulate rain indicated that the operating 
tunes of the folloxug detectors when located in the mer section were 
considerably Increased when wet: (1) Dugas Engineering Corp. flame 
detector; (2) Graviner Mfg. Co. Ltd. flame detector; (3) American 
JJutrict Telegraph Co. bridge Q-p+ lonxzation detector. 

Although test results in&cate that many of the detectors tested 
are satisfactory from the standpoint of rapid fire detection, further 
development and testing relative to mechanical construction, resistance 
to corrosion, fatigue, 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 CRITEXU 

Detector guards should be designed to allow mtium flame access 
to the detecting elements and to protect the elements and electrical 
mechanisms against damage. 

uetecting elements and electrIca mechanisms should be so designed 
that vlbratlon or accumulations of oil, dirt, aeter, or any other 
foreign matter will not prevent quick operation or cause false alarm. 

Under normal flight conditions, an open detector cucuit is 
preferable to a closed clrcut as no current flow is required except 
durug fire detection. 

It is prererable that the mechanual failure of a detecting system 
make the system inoperatIve rather than turn in a false alarm. 

Any detectFng system should be easy to check by the mew to assure 
the integrity of the system at all tunes. 

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

The detector operating temperature should be sufficiently greater 
than the maz&num engine section air temperature to preclude the possi- 
bility of false alarm. Test detector operating temperatures were 
350' - 5CO" F, which was believed satisfactory for most installations. 

CONCLUSIONS 

1. Adequate detection of alrcraft powerplant gasoline and oil fires 
can be obtained m$hul reasonable weight limitations provided proper de- 
tectors and detector locatlona are used. 

2. The proper locations for fire detectors are the points of air 
egress from the powerplant installation. 
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3. The spacing between flame type urut detectors in the power 
section should never exceed 27 inches. The spacing between metal 
wpanslon type unit detectors in the power section should never exceed 
21 inches. 

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

The purposes of the extinguishing tests were: 

(1) To deterrmne the efficacy of various fFre extinguishing agents 
when applied to gasoline and 011 fires occurring in both the power and 
accessory sections of aircraft powerplants in flight; 

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

A total of 1290 fire extlnguashing tests were conducted, using 
various extingushing agents. The general test conditions and methods 
of igniting fires appear on Pages 6 and 7. 

The general procedure consisted of applying extinguiskng agents, 
at various rates and durations of discharge, through various dlstribu- 
tlon systems, to gasoline and oil fires started at all possible loca- 
tions throughout the powerplant installation. fight types of fire ex- 
tinngruskng agents were Included in the tests. These agents and their 
characteristics are shown in Table 2. 
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The development of satisfactory agent distrlbutlon systems for the 
power and accessory sections was accomplished by the 'crlal and error 
method. Eighty-five different systems were installed and tested before 
the objectIves were attaFned. These systems are shown in Figures 38 to 
74. The flnal satisfactory systems are shcnn in Figures 72, 73, and 74. 

The effects of rate and duration of application of the agents on 
ext-Lnwshment were dete-ed. The rate was varied from approxbaately 
2 to 11 pounds of agent per second, applied to the entire powerplant 
installation, by chwng feed line and nozzle dimensions and by regu- 
lating the pressures mthm the extmguishmg agent containers. The 
duration of agent applxatlon was varxd from a fraction of a second 
to one minute. The quantity of agent used in each test was dependent 
upon the rate ahd duration of appllcatlon, and varied from approxi- 
mately 5 to 50 pounds. 

RESULTS AND DISCUSS108 

No attempt uas made, m wrltmg this report, to tabulate the 
partxular test condltlons and results of each lndivldual 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 until the point was accomplished 
or dlscarded and consequently, the great maJority of intermedlate tests 
are of no value except that they may indxate incorrect methods. How- 
ever, due to constant repetltlon of certaFn phenomena many worthwhIle 
pcmnts were brought out which otherwise would have lacked sufflclent 
substantiation. The number of mtermebate tests necessary to obtain 
results impressed upon obsemers the futility, in tests of this nature, 
of attemptlng to obtain dependable results mthout conductmg a great 
number of tests. 

Results obtained from a study of all tests, along mth pertinent 
discussions, are presented here by treatxng separately the important 
factors which affected fire extlngulshment during the tests. These 
factors are: 

&Blast 

Propeller SlIpstream Type of fuel Distribution system 
%nd tunnel Size Rate of Application 
Position of cowl flaps Location Duration of application 

Duration Quantity of agent 
Type of agent 

The followx&g effects of air blast on extinguishment were noted: 

Extlngulshing agent applied forward 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 f-es aft of the cylin- 
ders, by dlschareng extlngulshlng agent forward of the cylinders, were 
probably caused by this xaste of agent. Rgcre 75 shows this effect 
in the fxe spIllage over the front of the NACA coarl from a fFre source 
forward of the cylinders. 
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The coohng 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 application of the agent 
was Increased, the number of extinguxhmenta increased. This indicated 
that the agent must be applied mth adequate FOR03 into all stratified 
air currents nithln the power section. Furthermore, unless the agent 
were distributed uniformly around the crankcase, as shown in Figure 74, 
continued extu-&Aunent of fires repeated at various locations was not 
attained. For this reason , general dlstrlbution systems as described 
on Page 25 were unsatisfactory. 

The ax blast prohbits the confining of the fire to any particular 
section unless cowling joints (and joints between cowlAng and parts ex- 
tending through the cowling) are tightly sealed. It forces fires whxh 
occur in the power section Into the accessory sectlon, and fires whhlch 
occur within either section into the exhaust stack well, 011 coolers 
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 intensifier heating pipe and its housing, into the wheel well 
due to a faulty firewall, and Into the closed box section comprising the 
periphery of the firewall. Such fires are not reached by the extm- 
quishing agent and become sources of re-ignition after the agent has 
been expelled. he to air blast, "fire tails" cling to protuberances 
and other irregulmties located on the OuTSmE surfaces of the ccwlug 
and nacelle skin. These fires were difficult to extinguish since the 
extlngushing agents were expelled aithln the sections proper, and m 
many cases such fires served as sources of re-ignition. only an agent 
expelled from the power section which flows outside of the accessory 
section and nacelle is effective in lrlping off these tails. 

Fires from the porrer arxi accessory sections were carried past the 
wheel ml.l by the air blast. In many cases "fire tails" were obsemed 
tipping into the wheel well, but these fires disappeared during ex- 
tinguishment. Fires whxh remained in the wheel well after the extin- 
guishing agent was applied in the power and accessory sections were due 
to leakages through cracks and holes in the flrewall. Tests referred 
to were comlucted without the wheel and tire in place. 

Fires Fn the air blast were more intense than quiescent fires, 
being stilar in nature to a blow torch. In general, fires with the 
cowl flaps closed were more intense than with the flaps open. With 
cowl flaps closed combustion of the fuel was more complete and the 
overall effect 119s to decrease the assurance of extinguishment and in- 
crease the probability of re-ignition after extinguishment. The cause 
of this could not be definitely deterrmned, but it appeared that the 
relatively smooth air flow over the accessory cowl and nacelle skin, 
rith 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. 
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It was originally intended to conduct tests to determine the effect 
of power section air blast elimination on extinguishment by isolating 
the po'ser section using full closing cowl flaps, before attempting ex- 
tinguishment. However, as the program progressed, it became obvious 
that such tests would be unnecessary. It is 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 
porrer section necessary for wiping off accessory section "fire tails"; 
of additional "fire tails" occurring at colrl 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. 

%e oils and gasolines burned during the tests were: #lO SAE oil, 
lO0 hour aircraft engine drain oil, S7 octane aviation gasoline and 
safety fuel. Oils only were burned in the power section as it is im- 
possible for appreciable quantities of gasoline to be released in this 
section in an actual installation. 

The general extinguishing problem in the poser section was prac- 
tically the same for #10 SAE oil and 100 hour drain oil fires. The 
drain oil required a little longer time than the #lo SAE oil to reach 
the same degree of combustion and consequently extinwshment was easier 
in the case of drain oil fires of short durations. For fire durations 
greater than 25 seconds no differences between fires burning the two 
oils were noted. The tests indicated that for short duration fires, as 
the temperature of the oil was increased, the degree of combustion in- 
creased and extinguishment became more difficult. Complete combustion 
of all oil released in the power section never occurred. 

Types of accessory section fires nere: 

Oil drainings 
#lo SAE oil i 

Fires entering the accessory section 
- through accidental openings from 

a power section source. 

Oil drainings) Fire source in the accessory section. 
#lo SAE oil ) - No fire in the poser section. 

Gasoline and ) 
Safety fuel ) 

_ fire source m the accessory section. 
No fire in the power section. 

Ect~guishment comparisons between #lo SAE and 100 hour drain oil 
fires in the accessory section, which were caused by fire leakage from 
the poser section, were as explained In the foregoing for the poser 
section oil fires. However, there was a marked dtiference observed in 
the degree of combustion attained between #10 SAE oil and 100 hour drain 
oil when the fire source was in the accessory section lrith 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 sur- 
faces attained with the fire source in the power section. Io the latter 
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case the hot surfaces, combined with the hot exhaust manifold, progres- 
sively increased the degree of oil combustion, and consequently little 
difference was noted between the two oils, as previously explained. 
In the former case, since hot surfaces wsre not present, the degree of 
oil combustion was low for both oils, and particularly for the drain oil. 
Neither of these oil fire types *as difficult to ertinguish compared 
to gasoline fires which governed extinguishing equipent In the accessory 
section. 

No difference was noted between fires in which safety fuel and 
regular 87 octane aviation gasoline were burned. 

Of the three types of fire with the source in the accessory section, 
the gasoline fires were by far the most difficult to extinguish. Oil 
fires caused by leakage from the power section were as difficult to ex- 
tinguish as the gasoline fires KITFIIN the section proper but gasoline 
fires produced 'fire tails" outside the accessory section which were much 
more bfficult to extinguish than smilar oil afire tails". O=h-a 
portion of the gasoline introduced into the accessory section burned 
WITHIN the accessory section. The remainder ignited upon its exit through 
small cracks and holes. In many tests liquid gasoline ran from cracks in 
the accessory cowl and ignited on the outside surface of the cowl several 
inches MAY from the crack, thus malang complete extinguishment by the 
accessory section agent alone almost impossible. Although there was no 
fire in the power section it was necessary to discharge the power section 
agent, which overflowed around the accessory section, along with the 
accessory section agent to extinguish these itiuerant flames and miscel- 
laneous "fire tails". The wheel well was much more vulnerable to gaso- 
line fires than to oil fires since gasoline leaked into the wheel well 
throughtirry cracks in the firewall, ignited, and could not be extinguished 
by the power and accessory section extinguishing systems. 

It was possible to extinguish 011 fires whle permitting the oil to 
floz during extinguishment but gasoline "fire tailss, outside the section 
proper, would persist unless the gasoline flow zere shut off before ex- 
mm was atte&&. When the gasoline was shut off, the 'fire 
tailsn rapidly decreased in imteneity and became vulnerable to the over- 
flow of extinguishing agent from the power section. 

Oil fires gradually increased in intensity after ignition while 
gasoline fires reached mx&num intensity immediately after ignition. 
%hen adequate rate of applioation and roper distribution of the agent 
zere used large (up to 5 g.p.m. of oil and small oil fires, within the P 
pozer section proper, could be extinguished with the same ease. Con- 
versely, when inadequate rate of application or improper distribution 
were used large and small fires were equally difficult to extxxguish. 
A plausible reason for this may be that the agent must be applied nith 
adequate FORCB into ALL stratified air currents within the power section. 
Unless this is accomplished extinguishment will not result regardless 
of the size of the fire contained within the air currents. 
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The above phenomenon held true only for that part of the fires exA 
tending a short distance aft of the fire SOURCE. For the remaining 
part, which might extend partially around and into the accessory section 
ati along the nacelle and sing, the extingumhing of large fires was 
more difficult than that of small fires because of the difficulty of 
extinguishing long sfire tails". 

;topping the oil flow imediately before attempting extmguishment 
does not simplify the extinguishing problem appreciably. This is due 
to the slow decrease of intecsitg of oil fires after oil shut-off. 
However, the stoppage of oil flow prior to extinguishment precludes 
the possibility of recurrence of the fire. 

In the accessory section proper, because of the limited amount of 
air available for ccmbustlon, there was little difference in the appear- 
ance of the fire WITHJJ the section regardless of the quantity of gaso- 
line used except for very mall fires. The difference appeared in the 
length of "fire tails* OUTSIDE of the section where sufficient air was 
encountered by the gasoline to complete the combustion. In all the 
tests the eXtinguishing problem, both inside and outside the accessory 
section, nas practically the same whether small 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 numerous "fire 
tails" which clung to the outside surfaces of the accessory cowl and 
to miscellaneous parts aft of the cowl could not be repeatedly extin- 
guished uriiess the gasoline flow were SEDT OFF just prior to the appli- 
cation of the agent and unless the overflomng power section agent were 
applied at the *me time. 

Because of the variations in air blast existing behind the cylindera 
in the power section, fire extinguishment was simple or difficult de- 
pending upon the particular 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 numerous fires could be re- 
peatedly extinguished regardless of the location of the fire source. 

Oil fires ignited 6 inches formrd of the cylinders completely 
filled the NACA cowl opening, enveloped the propeller hub, spilled 
around the outside of the ccwl and flowed through the cylinder rows. 
Figure 75 shows this effect. Such fires could not be extinguished by 
the extingulshmg syetem aft of the cylinders, but it is extremely un- 
likely that oil In this locaticn would ignite accidentally. Ignition 
would more likely occur aft of the cylinders and the tests 8hcsed that 
fire propagation forward through the cylinders, against the air blast, 
would not occur. 

The location of the exhaust stack on the right side of the engine 
caused oil fires from the power section to burn more intensely and be 
more difficult to extinguish on the right side than on the left side. 
(&J important effect of fire location near the exhaust stack relating 
to flash back after extinguishment. is described in Section 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 cooler which permitted a considerable area of 
egress for burning fuels and oils. As a result of this condition, 
accessory section fires introduced toward the lower region of the section 
presented little extinguishment problem since most of the burning liquids 
ran out through the opening and the resultant fire mithin the section 
was small, as shown in Figure 19. Fires introduced near the top, as 
illustrated in Hgure 18, passad through the section, due to gravity, 
and were more difficult to extinguish. 

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

Gasoline fires reached maximum 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, mere not appreciably easier to ex- 
tinguish than fires of 30 seconds duration. 

Long duration fires penait burning gasoline or oil to seep through 
mall cracks into areas which may not be penetrated by the extingmshmg 
agent causing re-ignition of the main fire after the agent hae 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, oil cooler, exhaust stack ati 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, including nozzles, 
is given in this report under Qesign Information for Extinguishmg 
Systems". 



(See Figures 72, 73, and 74) 

binguishing Power 
%E' 

Oil khaust Other 
Agent section Cooler Stack Location 

Methyl 
Bromide Double slot Perforated Perforated Perforated Noszles 

nozzle at r-0-r tube or ring or 
the base of nozsles nozzles nozzles 
each cyliu- around the 
der rear cacie 

Carbon 
Moxide 

Single or Perforated Perforated Perforated Nozzlea 
double slot ring tube l-j-47 
nozzle at around the 
the base of rear case 
each cylin- 
der 

&her Double slot Nozzles Nozzles Perforated Nozzles 
Liquid around the 
&gents 1 

nozzle at ring or 
the base of case nozzles 
each cylin- 
der 

Lodium Bicar- Outlet at Data not Data not Eata not Data no+ 
Ionate Powder the base of obtained obtained obtained obtainec 
lompound each cylin- 

der 

1 Includes all other liquid agents as given in Table 2, Page 17. 
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Distribution of the agent in the power section zas much more 
critical than In the accessory section due to the higher degree of 
air blast present III the power section. General type systems, deslgned 
to flood the entire volume, without regard to application at specific 
locations, were satisfactory in the accessory sectlon, but specific 
type systems, designed to provide eystematic and equal distribution of 
the agent to each cylinder, were required In the power section. 

KLeven general type systems (shown in Figures 38 to 42 and 51 tc 
54) were tested in the power section. The agent zs.s directed inward, 
outward, forward, aft, and tangentially around the crankcase, both 
forward of the cylinders, with no success, and aft of the cylinders, 
zlth little success. The failure of the forwad systems, In particular, 
was attributed partly to an observed spillage of agent around the out- 
aide 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 firs 
areas. 

After general distribution systems in the power section proved 
unsatlafactory, tests were made on specifx type systems zhich applied 
the agent systematxally to each cylinder. King these tests the 
agent was discharged from the cylinder head toward the crankcase 
(See Figure VA); the center of the cylinder toward the crankcase and 
the cylinder head (See Fi 

Y 
e TIE); the center of the cylinders forzard 

and around the cylinders See Figure 77C); and from the crankcase out- 
ward tozard the cylinder head (See Figure 74). 

Of the above methods tested, the last proved to be the most 
effective from the standpoint of repeated extinguishments. By this 
method, the nozzles may be located on the crankcase and would be more 
likely to remain in position in the event of cylinder failure than 
nozzles located elsewhere. This method of inditidual cylinder treat- 
ment lends itself readily to other enme installations m that the 
number of agent outlets may be varied according to the number of cyl- 
inders. An additional nozzle located near the head of the lowest 
cylinder as shown in Figure 46 zas found to be desirable because of 
appreciable collections of burning fuels in this locatIon caused by 
gravity. 

The original test program included tests in which extinguishing 
agent would be released within the engine crankcase. It was assumed 
that a fire, occurring as the result of any engine failure, could be 
extinguished by the agent escaping at the point of failure. Even if 
this assumption were correct, the tests conducted Indicated that such 
a method would be totally IneffectIve on zflre tailss or on any fire 
outside the section proper. Similar agent application methods orig- 
inally considered for use by incorporating them in en@ne oil and fuel 
systems, would be lneffectlve for the same reason. 

Thx%y general tgpe systems were tested In the accewory section 
by directing the agent inward, outward, forward, aft and tangentially 
around the section (See Figures 51 to 73). A fair degree of success 
resulted from the use of these systems but the most effective types 
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are shozn in Figmes 72 and 73. Moderate success was attained using 
only 4 agent outlets within the section proper (Figure 68) and no 
success zhen this procedure was carried to the minimum extreme of 
one outlet as showc in Figures 61 and 71. 

The oil cooler, located at the bottom of the accessory section, 
required special protection, consmting of nozzles or a perforated 
tube, to discharge agent between the oil cooler proper and the BUT- 
rounding metal shroud, as shozn in Figures 72 and 73. Such protection 
zas required on account of the inability of the agent discharged in 
the accessory section to affect this fire. 

Fxhaust stack protection zas necessary to cut off the flames from 
the power section in the tunnel around the stack. This presented 
little difficulty and was accomplished 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 m Figure 73. 

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

Carburetor heater intensifier tubes frequently led to re-ignition 
of fires due to a collection of burning liquids 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 extinguishing agent application was found to be the 
most important factor affecting the ability of an agent to extinguish 
fires. ti blasts rapidly dissipate the agent and penetration of the 
agent into the fire is possible only by the use of an adequate bscharge 
rate. The rmnizum rates of application of the several agents necessary 
to assure extinguishment in the various sections of the pczerplant in- 
stallation are given im Table 4. These are the average rates over a 
total discharge time of 2 seconds. 

TABLE 4 

NECESSARY MINIMJM RATE OF APPLICATION OF FXTINGUISHING AGENTS 
DENRMINED EIYTHETFSTS 

Carbon I I Dioxide Methyl Bromide Other Liquids* 
lbs/sec lbs/sec 1 qts/sec qts/sec 

Power Section 7.0 5.4 1.5 1.7 
Accessory Section 2.9 2.2 0.6 0.8 
Oil Cooler 0.7 0.2 0.2 
Exhaust Stack 0.7 0.2 0.3 

1 

%-Other Liquids imclude: Carbon tetrachloride, nmxture of 70% carbon 
tetrachloride and 3C$ methyl bromide, and 
mxtures of carbon dioxide and carbon tetra- 
chloride. 



27 

The actual rate of discharge of carbon tetrachloride from one 
noszle m the power section is shown by the curve in Figure 78. It may 
be noted that the Initial rat% of discharge along the flat part of the 
curve is much higher than the average rate given in Table i+, which is 
the average discharge over a period of 2 seconds. It was not possible 
to obtain such a curve for carbon dloxlde due to the difficulty of 
collecting the gas in increments during the discharge. 

In the accessory section there was leas need for a hgh rate of 
agent application than in the power section, because of lower air 
velocities. As pretiously described, "fire tailen on the outslde of 
the accessory section and nacelle were extinguished by overflow of the 
power section agent. As a result of the high air velocity, the effect- 
iveness of this overflow was determned by the rate of pomr se&Ion 
agent discharge. Thus a high rate of agent discharge in the power 
section ras necessary not only to extingush power sectIon fires but to 
extlngulsh fires OUTSIDE the accessory section as well. 

As the tests proceeded, the rates of application of the agents 
mre gradually increased to those shown in Table 4, until practxally 
all f-es, under prevailmg air blast conbtlons, were extinguished. 
However, durmg this procedure, many fires were extmguished at lower 
rates and it ms vainly attempted to quantltatlvely determine a rate- 
extlngushment relationship from the rate at which no fires could be 
extmguished to the rate at whxh all fires could be extingushed. It 
was theoretically possible but physically impractical to conduct the 
many tests necessary to obtain accurate data on this pomt due to time 
and equipment llrmtations. However, the probable relationship, indica- 
ted qualitatively by tests which were conducted, is shown in Figure 79. 

When adequate rate of agent application was used the bulk of each 
fire was extinguished within one second, but a minimum of 2 seconds 
was required for the agent to reach outside "fire tails". When made- 
quate rate was used, durations up to one mute were ineffective. 

Long durations of agent application are beneficial as they allow 
tune for the coolmg of all parts thus minimising the possibility of 
re-ignition after extinguishment. However, in the tests, re-lgmtion 
did not occur because of hot metal parts, glowing carbon, or dirt par- 
tlcles if the duration tme were two seconds or greater. In deter- 
mning the total discharge time of 2 seconds shown in Figure 78, the 
end of effective ducharge spray was determined as the pomt at which 
the dlsoharge no longer appeared as a definite spray pattern. 

Hundreds of combmatlons of quantity and rate of application of 
the agents were used in the tests. % establishment of the minimum 
rates required (Table 4) for a duration of 2 seconds the quantities 
given m Table 5 were.determmed. These quantltms are minimum and 
were effective only when discharged m 2 seconds. If the duration mere 
mcreased beyond 2 seconds the quantltms would have to be increased 
proportionally since ratg, and muantlty 1s the criterion for -9 
effective extmgushment. 
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TABLE 5 

N~~~~Y~NI~~~QIJANTITISS OF EXTINGUISHING ACWJJ ~mm BP 
THE TgSTS EWELO ON DURATION OF 2 SBCONIB 

Pwer Section 
Accessory Section 
&l Cooler 
Exhaust Stack 

TOTAL 

Carbon 
Dioxide Methyl Brcmlde 

(Pounds) (PoUDds)(Quarts) 

14.0 10.8 
5.8 4.4 
0.6 1.4 
1.2 1.4 

3-O 
1.2 
0.4 
0.4 

, 
21.6 18.0 ) 5.0 

KIther Llquidsm+ 
(9uarts) :-:: 
J 0:4 

0.6 

6.0 

U-X Other Liquids Include: Carbon tetrachloride, mxture of 70$ 
carbon tetrachloride and 30% methyl 
bromide, and @Azures of carbon dioxide 
and carbon tetrachloride. 

Extinguistung agents are effective as a result of any or all of 
the follomng actions. The smothering actlon, which renders air feed- 
ing a fire incapable of supporting combustion, was most effective m 
the more or less closed accessory section. The blanketir?gm, 
which prevents air from reaching the fire, was moat effective in ex- 
tinguishing "fire tailan outside the accessory section. m 
&j.~& which results from directing the agent across the fire tit; 
sufficient force to cut the flame away from the fuel, was of prinary 
importance in extinguishing power section fires. u action had 
little effect on test fires due to the small agent quantities aml 
short duration necessarily used. 

A comparison of the various extinguishing agents tested ie given 
in Table 6 in the order of merit, and is based on the extinguishing 
ability of the agent in the type of engine installation tested, 
assuming that a satisfactory method of distribution and comparable rates 
of application and quantities &st for each agent. 
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TABLE6 

FTFiB EXTINGUISHING AGENTS IN ORDER CF MERIT FOR USE IN TRE TVE OF AIR- 
CRAFTPCWEtPLANT INSTALUTIONTgSTED 

kder 
of 

Yerit 

Power Section 
(04 *es) 

T 

Methyl bromide 
lLixt.ure (A) 

Carbon Dioxide 
Carbon Tetra- 
chloride 
Mixture (Cl 

SodllJm Bicar- 
bonate 

Potassium 
Carbonate 
Hxture (B) 

Accessc 
Oil fires with 
.vource In power 
section 

Methyl Bromide 
Mixture (A) 

Carbon Moxide 
Carbon Tetra- 
chloride 
Bcdium Bicar- 
bonate 
I(ixture (c) 

Potassium 
Carbonate 
Wure (B) 

y Section 
Gasolhe fires 
shut off before 
extinguishment 

Methyl bromide 

Carbon Idoxide 

Carbon Tetra- 
chloride 
Mixture (A 
titure (c 

Potassium 
Carbonate 

T Cverall (1) 1 

Methyl 
Bromide 

Carbon 
Moxide 

Carbon Tetra- 
chloride 

Sodium 
Bicarbonate 

Potassium 
Carbonate 
Mixtare (B) 

Mhhre (A) indicates a sdxture of 3C$ methyl brcmide and 708 carbon tetra- 
chloride. 

Mixture (B 
Mixture (0 j 

indicates a mirture of 30% methyl bromide and 70% dichlormethane. 
indicates various mixtures ofcarbon dioxide and carbon tetra- 
chloride. 

(1) Only methyl bromide and carbon dioldde are conaidersd satisfactory for 
general use In the type of engine installation tested. 
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This method of comparison Is essentially qualitative, as attempts 
made to compare the agents on a quantitative basis could only be approzi- 
mate. It would be desirable from the designer's viewpoint to present a 
comparison of the agents as to their relative efficiency versus weights 
of the complete installations. However, due to the many variables in- 
volved and to the necessity for limiting the number of tests it zas 
found impossible to obtain results which would allow quantitative com- 
parisons. Other factors which would be involved in the selection of an 
extinguishing agent, such as, complexity of the distribution system, 
containers, pressures required, line sizes, operating and handling con- 
ditions, toxicity, corrosion, etc., were not considered in the above 
comparison since they are design problems which have no bearing on the 
relative extinguishing merits of the agents themselves. 

Methyl bromide, carbon dioxide, carbon tetrachloride and mixtures 
(A) and (C) (See Table 6) ertinguished oil fires with the source In 
either the power or the accessory section but methyl bromide and car- 
bon dioxide were the only agents, of all those tested, which could be 
considered satisfactory for all trpes of fires In the type of powerplant 
installation tested. All agents, except these two, lacked the ability 
to mtinguish gasoline fires in the accessory section and mere in- 
effective In extinguishing gasotie -fire t.al1.e~ on the outside surfaces 
of the cowling and na'ixlle when discharged over these surfaces from the 
poser section. 

For gasoline fires in the accessory section, with the gasoline 
FLcAmra during the agent application, methyl bromide was appreciably 
more effective than carbon dioxide in wiping off the outeide "fire 
tailsa but neither agent could extinguish all such fires. When the 
gasoline flow was STOPPED just prior to agent application, this 
superiority 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 allozed from the time the gaeo- 
line flowwas stoppaduntilthe carbontetrachloridewas applied. 

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

It is emphasized that the comparison betwen extinguishing agents 
given in the foregoing applies only to their ability to axtingoish fires 
in flight in the type of powerplant installation tested. 

DESIQN IBFORMATION FOR EXTINGUISHING SYSTm 

The distribution systems, methods of feeding the distribution 
systems, types and sizes of feed lines, typs of agent containers and 
methods of applying pressures were chosen for convenience from the 
teet standpoint. However, the specific locations for applying the 
agent were determined by taking into consideration the practicability 
for installation In actual aircraft. 
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In the early poser section tests, attempts were made to distribute 
the agents to each cylinder by means of a single supply ring as shorn 
in Figures 43 to 46. A check of this system to determine the quantities 
of agent discharged by each nozzle zas made by collecting carbon tetra- 
chloride from each nozzle and by visual observation of carbon diofide. 
The distribution differences when using carbon tetrachloride mere 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 design problem, individual lines, from the agent container 
to the nozzles giving equality of+10 percent, were installed, as shown 
in Figure t$S, and the tests continued. However, later work on single 
rings indicated that equality of distribution of gases and liquids may 
be obtained by metering the nozzles and feed lines on a trial and error 
basis. 

Bzp&iments of this nature should be conducted with the distribu- 
tion system arranged exactly as it would be in the airplane, especially 
for liquids, since it was found that the attitude of the ring appreci- 
ably affected equality of distribution. Also, the total volume of the 
e&am should be kept to a minimum, consistent with rate requirements. 

For distribution checks on liquid agents the liquid should be 
collected at each nozzle. It Is impractical to collect methyl bromide 
because of Its volatility but results obteined using carbon tetrachlotide 
instead should be satisfactory, since the specific gravities of the two 
liquids are nearly identical. For carbon dioxide, visual observation 
by means of a motion picture camera for obtaining distribution equality 
was satisfactory in the tests. 

In the accessory section, close equality of distribution of the 
extinguishing agent is not critical. However, no nozzle should discharge 
less than about 50 percent of the quantity it rould discharge if the 
distribution mere equal. 

For distribution of agent to the sections, separate containers, 
valves and distribution systems were used in the tests, one system for 
the power section, the other system for the accessory section, oil 
cooler, and exhaust stack well. In actual installations, however, all 
sections would possibly be fed by a single feed line, which introduces 
the problem of metering the correct quantity of agent to the various 
sections and locations. This problem is similar to that of obtaining 
equal distribution, as discussed above. Tolerances on quantltlee me- 
tered to the various locations could not be determined in the tests. 
In this case, judgment must be exercised so that the quantities distri- 
buted ta the varioue sections and locations reasonably approtiate those 
given in Table 5. 

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

gates of agent application wsre varied during the teats by chang- 
ing the lengths and diametera of feed lines, the numbers and sizes of 
holes in perforated tubing, the bores and slot sizes of nozzles, and 
the pressures in the agent containers. 

For checking the rate of discharge of gaseous agents, a motion 
picture camera, taking 32 frames per second, was used. From these 
pictures the actual beginning and end of the discharge were observed 
and the interverung time determined. Ordinary visual observation zith 
stopwatch timing was not satisfactory. 

For checking the rate of discharge of liquid agents, the method 
used nas much more involved and more accurate than that used for gases. 
The test set-up shown in Figure 78 was identical to the system on the 
actual engine installation. In this caue motion pictures were taken 
of two nozzles only at the rate of 32 frames per second. One nozzle 
wao used to determdne the start of the discharge. In successive tests 
the discharge from the other nozzle zas collected during various time 
intervals from the start. men the quantities thus collected were 
plotted against the time for these quantities to be discharged, as de- 
termined frcan the film, the rate curve as shown In Figure 78 resulted. 
One test is required for each point on such a curve. 

To determine the best methods of spraying the agents into the firs 
areas, 20 types of nozzles, as shorn in Figure 76 were used in the tests. 
Types N-l and N-2 were used for individual cylinder protection in the 
power section. Either the single or double slot type is satisfactory 
for carbon dioxide, but the double slot type should be used for liquid 
agents. The included angle of the spray pattern for each slot should be 
at least 180" for both types. In the accessory section 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 detail design of the nozzle la immaterial provided the nozzle 
allows adequate flow and produces the correct spray pattern of the agent. 
Aluzdnum alloy or other low melting point materials should not be used 
in nozsles. All nozzles used in the tests were brass. 

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

Nozzles in the power section should be located with respect to 
the cylinders as shorn in Figure 74. Their exact locations should bs 
adjusted with respect to obstructions to allow as clear a path for the 
spray pattern as practicable. Figure 73 shows the nozzle locations in 
the accessory section. Substantial variations in their locations and 
spray angles are permissible and, if possible, the nozzles should be 
spaced around the ring to avoid obstructions. Figure 72 shows the 
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optimmz locations for perforated tubing. The number and ezact size 
(l/'l6a diameter used In the tests) of holes required In the accessory 
and exhaust stack rings and in the oil cooler line sill depend upon the 
metering taste for determining the rate of application and agent dis- 
tribution. The diameters of the holes should be as small as possible 
so that the greatest number may be used, but holes less than l/l6 inch 
In diameter may be aubJect to freezing during carbon diozdde discharges. 

Release valves should be quick opening so that the metering effect 
of the valve during opening is reduced to a minimum. This is essential 
in order to obtain the high rate of discharge of the agents necessary 
over a period of 2 seconds. 

The locatioh of carbon dioxide containers is an important design 
detail because the temperature of the container and agent considerably 
affects the rate of agent diecharge, a~ shown by the curves In Figures 
80 ami 81. FromFIgure 81 itmaybe seenthatthetotaltirse required 
t0 discharge 5 pounds 10 ounces of carbon diotide increased apptitely 
70 percent as the temperature of the container and agent dropped from 
790 B to 320 F ti the pressure from 950 lbs./sq.ln. to 500 lbs./sq.dn. 
For convenience in many tests, the rates of carbon diotide discharge 
zere contrslled by regulating the container temperature. In locating 
Uquld agent containers the possibility of the agent freezing should be 
considered. 

CONCI,USIONS 

1. BxtAnguiahment of moat aircraft powerplant gasoline and oil fires 
occurring in flight can be accomplished within reasorrable reight limita- 
tions, provided adequate rates of extinguishing agent application and 
optimum distribution methods are used and provided further that gasoline 
flow is shut off before extinguishment is attempted. 

2. Eztinguiahment of oil flrea occurring in flight can be accomplished 
mthout stopping the oil flow but oil shut-off is advisable to prevent 
recurrence of the fire. 

3. Air blast is the most serious factor to overcome in the extinguish- 
ment of alrcraft powerplant f-es, and is overccme by using adequate 
rates of agent application. 

4. Qasollne fires are more difficult to extinguish In the accessory 
section than oil fires. 

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

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

7. The pozer section, accessory section, oil cooler, and ezhaust stack 
well much be intividually protected against fire. 
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8. The extinguishing agent in the poser and accessory sections, and 
all other locations, should be discharged simultaneously. 

9. Tests indicated that wheel well protection is nrmecessary, pro- 
videdthe firerall be leakproof. 

10. The discharge of erHng-uis~g agent from the poser section is 
necessary to extinguish accessory section fires. 

ll. Teate irrdicated that metbl brcmide and carbon dioxide are the 
only extingulahing agents of those tested which are satisfactory for 
general protection against fires in flight in the type of powerplant 
installation tested. Xethyl bromide nas found to be the moat satia- 
factory agent from the fire extinguishing standpoint. 

12. The rate of extinguishing agent application is the moat important 
factor in the application of an ertinguishing agent. For the entire 
engine irmbllation, a rate of application of 9 lbs/aec. of methyl 
brwide or 10.8 lba/aec. of carbon dioxide Is required. 

13. The minimum duration of extinguishing agent application should be 
approELmetely 2 seoorxia. 

L$. Teats indicated that extinguishing agent applied ahead of the 
engine cylinders is ineffective ard unnecessary. 

SECTION.3 - MAT- 

The purpose of the teats on materials maa to study under flight 
conditions the effects of gasoline and oil fires on the mate&& 
and equipent commonly used in aircraft powerplant installations. 

The materials used in the components of the nacelle tit were as 
follw: 

&qlne Nag& - SAE 4l30 steel tubing of .065 wall thickness. 
Rubber engine mount bushings were not installed. 

Type 

SOrY 

- Both .018 stainless steel (18-B Qrade 

""Py (bulkhead separating the poser section from the accea- 
section - .018 stainless steel (18-S Qrade Type 302). 

and Nacelle Skin - ,012 stainless steel sheet (18-8 Grade 

Firerall- -018 stainless steel (1S-S Grade Type 302) 
an aluminum alloy box section periphery (See Fig. 82). 

axcept for 
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&ine Fuel m - Strudsld E-3 installation lagged dth asbea- 
tos. 

&wine Ml Se - OU tank end oil lines - aluminum alloy. Oil 
tar& support straps - stainless steel. Hose connections - standard AN 
(neoprene) types. Cdl cooler, United Aircraft Products - Model U-4.210, 
standard soldered construction, exposed to acceasorg section fire due to 
Its location at the bottom of the section as shown in Figures 2 and 5. 
To prevent power section fires from entering the oil cooler, the air 
intake nas ertended forward (see Pig. 2). The exterior of the oil cooler 
was lagged with asbestos. Otherwise the entire oil system was exposed to 
the tnst fires. 

E-e Accessoriee - Aa described under aGeneral Test Procedure', 
aany of the engine acceesories were protected from fire by an asbestos 
%%-w. 

prtccEDuRg 

A majority of these tests maa conoucted in conjunction with the 
extinguishing and detector tests, sod accordingly the air blast, fire 
conditions, and methods of producing fires were as described tier 
"General Test Procedure'. 

Using 25 chromel-alumel thermocouples, and the bank of 25 pyro- 
meters andelowepeed csmere shown in Figure 11, teurqeratures were 
recorded throughout the nacelle unit, under various fire conditions. 
The thermocouple locations used sre shown in the folloming figures: 

Figure S3 - coaling, diaphragm, wing and nacelle skin; Figure 97 - 
fireaall and aithin the accessory section; Figure106 -behind the fire- 
rail. 

Teats were conducted with the wheel and tire installed in the re- 
tracted position illustrated in Flg~e 3. Observstiona were made on 
the effect of fire on the tire and the ability of various fire extin- 
guishing agents to extinguish tire blaaes. 

An operating Eclipse &de1 E-160 starter wsa installed In the 
acceesory section snd subjected to several gasoline fires of 30 seconds 
duration, and the effects of these fires on the starter were observed. 

In addition, the effects of fires acre noted on cowl fasteners, 
eilver soldered connections, blast tubes, intake ducts and aluminum 
alloy brackets, supports, straps and clips. 

IB3SLTS &DISCUSSIONS 

The standard W-3 engine mount supported the meightofthe poaer- 
plant only, since no additional m(r factors were applied. The unpro- 
tected mountwaa subjected to the accessory section temperatures dls- 
cussed on Page 11 and shown in Figures 97 to 105. The mount used 
throughout the teats ass w, except for some acaking. Although 
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no mbber engine mount vibration bushings were installed, tests on 
other rubber parts indicated that such bushings would ignite and con- 
tinue to burn after extinguishment of the fire, resulting in eventual 
low of the emne unless the shock units were designed to support 
the engine after the de&m&ion of rubber components. 

In Plgures 8&, 97, and I.06 are shown the W temperaturea 
recorded throughout the nacelle unit, at locations shown in Figures 83, 
97, and 106, for a series of sixty-seven fires at various locations. 
'Phe maximum tmperatures shown are not those reached during any one 
fire but are the msxdmum temperaturea attalned at each thermocouple 
location during the 67 fFres. 

Continuous temperature recordings during particular fires of this 
series are shown as follows: 

Figww 85 to 96 tith thermocouples located as shown in Figure 83; 
Figures 98 to 105 dth thermocouples located as shown in Fi 
Figure 106 rlth thermocouples located as shown in Figure 10 

fy 971 
. 

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 thermocouples, but the range of high temperatures indi- 
cated by these curves, and the -temperatures noted In Figures 84, 
97 and 106, should prove of value In the selection of materials for use 
In wing-nacelle-poneqlant InstaUation designs. 

Figure 84 shows that the wing skin, toward the leadlng edge remaimr 
relatively cool, at the sero wing attack angle used In the tests, 
possibly due to bouMarylayer effect (See Figs. 107 and 108). However, 
K& skin temperatures near the trailing edge, caused by fires such as 
that shown in Figure 19, could seriously damage fabric covered ailerons 
ad flaps within a few seconds. 

The effect of a 3 g.p.m. power section oil fFre of 30 seconds 
duration on an .049 alununum alloy accessory section cowl piece may 
be seen in Figure 109. In this instance the metal began to melttitbin 
15 seconds after the fire ignition. 

Accessory section gaaollne flres of 30 seconds duration did not 
melt this aluminum alloy cowl, due to cooling aFr on the outside of the 
cowl d~ssl tlng the heat produced by the fire rlthin the accessory 
section. r ower section oil fires generally burned both inside and out- 
side the accessory section cowl with resultant cowl damage. A comparison 
of coul temperatures resulting from these two fire types maybe seen in 
Figures 85 and 90 and Figures 86 and 91. 

The firesall, of steel with an aluminum alloy box section periphery 
(Figure Z!), withstood all fires, except for the melting of small areas 
in the foruard face of the box section in a far teats. In the tests, the 
firesall 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 Flgure 97. In connection with firswall failure 
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during fbe, ertinguialnnent tests indicated that the tiesall should 
prevent the passage of even small quantities of gasoline into the 
nacelle, since it was impossible to ertinguish smsll nacelle fires 
caused by leakage through the firemall, by means of the poser and 
accessory section extinguishing systems. Such fires caused re-ignition 
of accessory section fires through openings in the firesall. 

The aldnnm alloy NACA cowl was used in all tests and was un- 
d.?maged except for the melting of a few atFffener channels Inside the 
OOrl. Although the .040 aluminum alloy coral flaps occasionally melted 
during particularly severe fires, the tests indicated that such flape 
mere generally satlafactory. 

There were no case3 of stainless steel (.Ol.2 nacelle sldn, .OlS 
accessory section cowl, or .OlS firewall) melting during the tests 
and the superiority of steel over aluminum alloy for all parts which 
must resist fire was clearly indloated. In designing stainless steel 
structurea, proper cognisance must be given tc the fact that buckling 
of "oil canning" may occur at high temperaturea, thus seriously re- 
ducing the load carrying capability, particularly of thin sheet 
monocoque structures. Such strength reduction may be much greater 
than that due to temperature alone. 

The unprotected aluminum alloy oil tank and oil lines lrere umdam- 
aged byanyfire. The contained oil in all parts of the oil system 
dissipated the absorbed heat rapidly enough to prwent the melting of 
any part of the system. &though no oil maa contained in the upper 
section of the oil tank (vent space) the tank mas undamaged by any 
fire, although Fn many teats several minutes vere required to extin- 
guish residual fires after ertinguMmaent failures. Other aluminum 
alloy parts not containing liquids, such as the standard perforated 
tubular extinguisher ring, melted sitbin a short time of fire ignition. 
The alwmlnum alloy extinguisher rings mere replaced by copper ri 
which gave excellent sellrice in the teats. Standard AN (neoprene hose T' 
connections, used throughout the oil system, nere med by any one 
fire, but gradually, aa a result of maw fires, such hoses baked, 
smelled and became loose fitting. These hoses withstood all fires of 
30 seconds duration, and appeared capable of remaining undamaged in 
fires of much greater duration. In general, the testa indicated that 
oil systems, containing 011, and consisting of aluminum alloy tank and 
lines,andAN neoprene hose connections would not be seriously damaged 
in any one fire before the main aluminum alloy monocoque structure 
lrould be so weakened that a major structural failure would occur. Of 
course, this would not be true with heavy structures designed ta Seth- 
stand long duration fires. 

The 011 cooler, nhen open to a flow of cooling air using the ex- 
tension shown inFigure2,mas undamagedbyhundreds of fires. During 
'GWO fires a decrease in the volume of cool air floning through the 
cooler caused by partial blanketing of the forward core face, resulted 
jn rapid melting of the soldered joints in the core. Engine oil spray- 
ing out of the damaged cooler Ignited from the test fire immediately 
In both instances. The 011 cooler should be separated from the accessory 
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section If possible; the air inlets to such coolers should be so located section If possible; the air inlets to such coolers should be so located 
aB to prevent entrance of fire; and cooling air should flow through the aB to prevent entrance of fire; and cooling air should flow through the 
entire oil cooler atalltlmes during fire. entire oil cooler atalltlmes during fire. 

The rert of the fuel system wIthin the accessory section was lagged 
with asbestos to prevent vapor lock and consequent stopping of the 
engine during test fires. W eystem teats proved that unlagged aluminum 
alloy Lhes, car@ng a flow of oil, would not melt during fire. However, 
fire tests of fuel systems proved that vapor lock could occur within 5 
seconds of fire ignition and that alusunum alloy lines would be destroyed 
within 15 seconds of the fire ignition. Under the same conditions coppsr 
fuel lines withstood many fires of durations up to one minute. 

Fires of 30 seconds duration (See Figures lf, to 19) easily ignited 
the tire in the retracted position (See Figure 3). Such tire biases 
disappearedmhen the powerplantinstall.ationfires 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 aithin one mirmte. however, 
tests Indicated that the smoldering would not continue indefinitely 
until tire failure. 

In installations of the DC-3 type, the tire is less vulnerable to 
fire when the landing gear is in the losered posItion. In other de- 
signs, In nbich the tire is completely enclosed rlthin the wheel well, 
tire damage due to ftie is highly improbable. 

Alminum alloy brackets, supports, straps, and clips ahead of the 
firesall melted quickly during the test fires. Such parts, if important 
to structure or opsratlon, should be constructed of steel. %e alumlnom 
alloy engine cylLrklerbsffles mere undamag& In all the teats although 
in many cases they were directly within oil fires. 

The Eclipse Starter Unit (Model S-160) installed tithin the hottest 
portion of several accessory section fires, was unaffected by several 
large gaaolLne ftia of 30 seconds duration. 

Steel Dsua fasteners, used throughout the cowling assembly, became 
loose fitting after numerous fires, due to cowl and fastener warpage, 
and to lees of spring temper, but continued to hold the cowling in place. 
&I aluminum alloy fastener attached to one of the accessory section 
comla melted within 10 seconds from the start of an oil firs. 

AlumLnum alloy ducta and blast tubes were protected In the test 
fFres by lagging to prevent melting. Such ducts and tubes provided 
dangerous re-ignition sources by melting at vulnerable locations, 
allowIng fire to enter, and re-igniting the main fire after extinguish- 
ment. 

Sliver soldered connections in extinguishing agent distribution 
sggtema failed in the tests and were replaced by ferrule and compression 
type tube fittings. 
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The results of the temperature surveys in the accessory section 
(See Figures 98 to 105) lndioated stratified conditions dth peak 
tmaperaturma of approxdmately 2050' F for both large and small gaso- 
line fwes. Thitr data my be used for determining the fire resistance 
of any parts to be used in accessory sections in the future by setting 
up laboratory conditions to simulate this condition. Auniformfire 
temperature (not stratlf'ied) of 20130~ F lrould be slightly conservative. 

In determIning the degree of fire resistance necessary for parts 
within the acceasorg section, the overall fire resistance of all parte 
should be evaluated, as closely as possible, to obtain uniformity be- 
tween critical parts aa to their ability to resist fire. For vie, 
nothing is gained by InstallIng oil lines capable of resisting gasoline 
fires for periods of time up to five minutea, when the engine supporting 
stracture would be capable of resisting the same fFre for one minute or 
less. 

CONCLUSIONS 

1. Temperature data obtained Indicates that the inte&ty of conven- 
tionalmonocoque nacelle structures can be seriously jeopardized by 
engine fires within a few seconds from the start of such fires. 

2. The 2ooO" Ftmpsrature of cowland nacelle akin resulting from 
gasolzlne and oil fires will melt aluminum alloy; such conditions dll 
not melt stainless steel but will reduce its load carrying abiUty. 

3. Flame tsmnperatures within the accessory section, during gasoline 
fires, reached peak values of 2050' F. 

4. The conventional welded steel tube engine mount used In the teats 
supported the engine with no apparent damage during I.422 gasoline amd 
oil fires of durations from 15 to 60 seconds each, the majority being 
of 30 seconds. 

5. Thefdrenall of .018 atakiless steel was undamaged by I422 gaeoline 
and oil fires of durations frcm 15 to 63 seconds each, the majori* 
being of 30 seconds. 

6. Aluminum alloy oil lines and AN neoprene hose connections contain- 
ing a flow of oil were not ds&ged by gasoline or oKl fires of 40 
seconds duration. Tests showed that aluminum alloy fuel lines were 
destroyed by fire within 15 seconds due to vapor lock. Other aluxdnum 
alloy lines, not carrydng flows of liquid, were also damaged by such 
fires. Copper tubing, or tubing of equal heat resistance, should be 
used for fuel lines, extinguishing systems and similar installations. 

7. Ml cooler air intakes must be ao located as to prevent the entrance 
of fire, and cooling air should flow through the cooler during fire. 

8. Unless protected or removed from flame contact, the landing gear 
tire mill ignite and continue to smolder for some time after fire ex- 
tingulshment. 
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The aluminum alloy NACA cowl assemblyraa not seriously damaged 
g the fires. 

10. Silver soldered connections in extinguishing systems failed during 
fire tests of 30 seconds duration. Ferrule and compression type fit- 
tings should be used in sxtiwshing aystema. 

@XXION 4 - IGNITIU 

PURPOSE 

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

The majority of data on ignition was obtained during the teats on 
extinguishers, detectors, and materials. 

Oil vapor explosions in the confined areas of the carburetor air 
heating system (see Figure 7) accidentally occurred early in the fire 
extinguishing tests in the form of flashbacks after fires had been 
extinguished. Approldmetely 200 tests were conducted to obtain data 
on thia source of ignition. Tests mere also conducted to determine 
the possibility of spontaneous ignition of gasoline and oil in which 
those fuels were spray%zI ovsr confined areaa and the exhaust system. 

Gradual deterioration of the exhaust system as the teats pro- 
ceeded presented conditions which wers ideal for obserPlng the poaai- 
bility of ignition because of faulty exhaust systems. 

Accidental spark ignition of 011 and gasoline was simulated by 

gz3 
these liquids over electric sparks (15,000 volta and 30 milli- 
deliberately produced. 

RWJLTS AND DISCUSSIONS 

At the beginning of the tests it was determined to investigate 
the possibility of ignition of gasoline and oil in an aircraft poser- 
plant due to oil vapor explosions within confined high temperature 
arsaa, high temperatures of exhaust systems and other parts, faulty 
exhaust systems, and sparks produced by the ignition system, static 
conditions, or friction. 

Early In the extinguishing teats extinguiabment was frequently 
followed by the relighting (flashbackj of the fire in the vicinity of 
the exhaust stack. In many instances there was considerable doubt aa 
to whether or not the fires had been completely extinguished and it 
lraa thought that small unseen parts of the original fire were causing 
the relighting. 
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To eliminate this doubt appromtely 200 tests were conducted 

in which: all materials which could have acted as wicks mere removed, 
amoke uaa forced into the exhaust system to ascertain that no leaks 
were present, excessive quantities of extinguishing agent were used to 
positively insure extinguishment, fire tests were conducted at night to 
improve conditions for vieuing the fires, tindoss were installed in 
the cowling for observations xithin the accessory section, and high 
speed motion pictures mere taken of fires and flashbacks. All these 
tests indicated that the fires were being completely extinguished be- 
fore flashback and finally, during extinguishment of one fire, the 
engine was quickly stopped, and upon the occurrence of flashback, a 
distinct explosion was heard, proving beyond doubt that the fire had 
been completely extinguished and that relighting had occurred. 

Further tests acre conducted in which it was found possible to 
obtain vapor explosions without previous fire, uith the engine either 
running or stopped. The ignition of oil, without previous fire, could 
be produced atwill by varying the air 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- 
fining of air due to the muffing of exhaust manifold and atack which 
permitted accumulations of oil vapor in these regions of high tempera- 
tures. Since it eras impossible to obtain flashback tith 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 this condition 
is reduced accordingly. 

Under operating conditions, the highest exhaust stack temperatures 
were found to be ll50' F, but immediately after a fire such tempera- 
tures Were as hi h as ~OO" P. 

7 
In laboratory tests drops of oil (#lo 

SAX or drain oil would not ignite on a steel plate heated to ~$000 F, 
but oil vapor, produced by heating a quantity of oil in a container 
would ignite at approximately 750° F, nithout the flame contacting the 
vapor. These laboratory tests confirmed the full scale tests in that 
they provided an explanation as to shy 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 
collections near the exhaust system impossible for the remainder of the 
tests and eliminated flashback. This shrouding is shown in Figure 7. 

This ignition hazard, caused by the muffed type of carburetor hot 
air heating system, may be somewhat reduced by ventilating the stagnant 
regions and suffering a loss in heating efficiency. Another method of 
reducing this hazard is to locate the exhaust stack, shrouding, muffing, 
and baffles as close as practicable to the top of the engine, since the 
release of oil is much leas 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 fire or fuel. 

The probability of flashback occurring after an extinguishment 
would be greatly reduced by stopping the engine before the extinguish- 
ing agent is applied, thus alloning a reduction in temperature of the 
exhaust system. 



In the majority of test.~ on thie type of ignition 810 SAB oil 
was burned. Other tests were conducted in which drain oil produced 

4Lo SAC oil. the same results as the1 

Since It 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 iu connection dth 
flashback. However, umy large accessory sectlon gasoline fires burn- 
ing in and around the exhaust stack muffing never resulted in flashback 
after extinguishment. It ie quite likely that the narrow explosion 
range of gasoline as compared to that of oil r&&es gasoline much leas 
susceptible to this type of lgrution than oil. 

Aside from 011 vapor explosions as deecribed above, accidental 
ignltlon, dns solely to hot parts, never occurred during the tssts. 
Recorded temperatures of the exhaust system, eren during fires, were 
never higher than l@O" 3'. Since, in laboratory tests, steel plates 
had to be heated above 14CO" F before 011, applied to the plates in 
drops, would ignite, It was obvious why accidental ignition did not 
occur during the full scale tests. The cooling and smothering action 
of the oil released over the hot parts was undoubtedly an important 
factor preventing the ignition of the 011 by the hot parts. Apparently 
the oil cools the hot parts rather than accept ignition from such parts. 

Spontaneous ignition of gasoline tid not occur, although gasoline 
was in direct contact nith the hot exhaust system III 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- 
mentnould eliminate this source of re-ignition. The tests indicated 
that initial 011 Ignition due to this source would not be as probable 
as Iwtion due to vapor explosion, unless a major exhaust system 
failure occurred. Minor cracks and holes in the exhaust system could 
be very hazardous lgrntion sources in stagnant regions where oil vapor 
might collect 

GasoUne ignited readily from small holes or cracks in the exhaust 
system. Relighting of test fires occurred III 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-imtion source. 

In the tests the spark used to ignite gasoline fires was produced 
by a spark plug operating on 15,WO volts and 30 rmlliampsres. (Oil 
fires were Iwted by a small spark-ignited gasoline fire.) Gasoline 
was readily ignited by this spark but hot oil (#lo SAR at 300' P) spraJred 
over the spark would not igrute III any of the tests. 
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In many tests, gasoline which had been allowed to accumulate in 
the accessory section could not be ignited by a spark within the section, 
probably because of too rich a muture. In such instances ignition was 
obtaiued by locating a spark just outside an opening in the accessory 
section cowl from which gasoline was flowing. 

1. 

2. 

3. 

4. 

5. 

6. 

CONCLUSIONS 

The most dangerous source of oil ignition In an aircraft powerplant 
installation is an exhaust system employlug shrouds, muffs, and 
baffles for collecting heated carburetor air. 

Ignition of oil due to a well ventilated exhaust system, in good 
condition, operating below L!+OC' F, is highly improbable. 

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

Stopping the eugme before axting~shing a fFre considerably re- 
duces the possibility of fire re-Ignition after extinguishment. 

Faulty exhaust systems ars probable sources of initial ignition, 
and very probable sources of fire re-ignition after extinguishment, 
unless the engine is stop@. 

Ignition of gasoline and oil never occurred during the tests due 
solely to hot metal surfaces. However, hot metal surfaces, In 
ccmbinatlon mith stagnant volumes of air and ail vapor could be 
* source of fire ignition, as stated in Conclusion 1. 
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CARBURETOR AIR INTAKE 

012 STAINLESS STEEL 

NACELLE AND WING 

II \\ I , 

CONCRETE BASE 

FIGLRE 2. Nacelle umt. 
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FIGURE 4. Powerplant installation (left side) after 1200 fires. 
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FIGURE 13. Fire nozzle. 

FIGURE lL+. 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 p2r minute power section oil fire. 
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FIGURE 17. 11 gallons per minute accessory section oil fire. 

FIGUFLE 18. 6.5 gallons per minute accessory section g=Soline fire. 
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SPRINGS HOLD 
ELEMENT IN TENSION -/ 

3 8 INCH 

~~ELEMFNI 
LENGTtiS 

CANNON 
QUICK DETACHABLE 

ELECTRICAL 

SWITCH HOUSlNG 

4 POINTED CONTACT 
POINTS ON THIS BASE 

FIGURE 22. Flame type detector (Walter Kidde & Co.) 
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:MENT HOLDS DOWN 
RELEASE CLIP 

i FLAME SENSITIVE 
CORD ELEMENT 

\ RELEASE CLIP 

STANDARD 
MICROSWITCH 

FIGUR?J 23. Flame type detector (lhgas ?.hgineering Corp.) 
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ELECTRICAL 
CONNECTIC?NS 

, 

0 
FIGURE 24. Flame type detector (Gratiner Mfg. Co., Ltd.) 
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CONTACT 
FOtNTS 

CONVEX SHEET 
METAL DISC -. 

PERIPHERY 
FIXED POINT 

T ELECTRICAL 
CONNECTION 

L- FIXED CENTER 

FIGURE 26. Metal expansion type detector (American-La France-Foamite Corp.) 

I GLASS 
CONTAINER 

(FtLtED WITH BIMETALLIC 

INERT GAS) STRIP 

STATIONARY ARM 

ELECTRICAL 
CONTACT. 

FIGURE 27. Metal expansion type detector (Thomas A. Edison, Inc.) 
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INNER CONDUCTOR-SLOTTED 

r FUSIBLE ALLOY 

OUTER CONDUCTOR 4 

RUBBER F 

OUTER BRAID b 

FIQURE 30. Fusible alloy type detector 
(Sealand Corp.) 

COLD JUNCTION 

SLOT 

- METAL CYLINDER 

- HOT JUNCTION 

- THERMOCOUPLE UNIT 

- WIRE BRAID 

FLEXIBLE TUBE - 

NICKEL 4 ASBESTOS INSULATION 
CONNECTING WIRE 

FIQUFLE 31. Thermocouple type detector 
(Thomas A. Edison, Inc.) 
(See also figure 21) 
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DETECTOR MOVED RAPIDLY 

TO DOlTED POSITION 

12 VOLT BAnERY AND SIGNAL UGHT 
OPERATING TIME STARTS AS DETECTOR 

ENTERS FLAME STOPS WHEN SIGNAL LIGH 
FLASHES ON TIMED BY STOP WATCH 

SCREEN 

/ 
FLAME TEMPEMTURE x)5o’F MEASURED 

BY A CHRDMELALUMEL THERMOCOUPLE 
OF llB GAUGE WIRE 

BUNSEN 
BURNER 

FLAME AREA SHOULD BE LARGE 

ENOUGH TO COVER DEFECTOR 
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FIGURE 75. Eample of fire spillage over front of N. A. C. A. 
cowl from fire scmrce forward of cylinders. 
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MTINGUISHER D FLEXIBLE TUBE 
TEST SET UP 

(MEASURED BY PHOTOGRAPHIC METHOD AS DESCRIBED 
UNDER “EXTINGUISHERS”) 

CC14 DISTRIBUTED T 
LLAGE. EVAPORATION 
NES ONLY 90”:- WA 

TIMING INACCURATE 
BELOW THIS POINT 

20 40 60 80 loo 120 140 160 180 200 

QUANTllY OF CARBON TETRACHLORIDE DISCHARGED FROM ONE NOZZLE IN CC 
NOTE ( RATE OF DISCHARGE IS SHOWN AS THE SLOPE OF THE CURVE) 
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FIGURE 78 Rate of carbon tetrachloride dmzharge from 
one pmr sectmn nozzle. 
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012 STAINLESS STEEL 

NACELLE SKIN I 

064 ALUMINUM ALLOY 

BOX SECTION 

- 018 STAINLESS STEEL 

FIREWALL FACE 

FIGUFiFa 82. Alummum alloy box section perxphery of firewall. 
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LINE INDICATES EXTENT OF ACCESSORY SECTION COWL PIECE 

\LOCATION OF WING 
*Y,., -,,- “..7CO”PLES 

:RONT 

FIGURE 83. LocatIons of thermocouples for determmatlon of 
skm temperatures under various fue condltlons 

EXTENT OF ACCESSORY 
SECTION COWL PIECE 

)p \DlAPHRAGM 

--EXHAUST STACK 

llOO--/ 
FIREWALL 

-NACA 
COWL 

FIGURE 84 Highest temperatures (OF) recorded at thermo- 
couples located as shown m flgwe 83. 
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0 10 20 30 40 50 

TIME FROM START OF FIRE, IN SECONDS 

FIomE 105. Accessory section temperatures vs. time 
(thermocouple locatrms shun-n in figure 97). 
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FIGURE 109. Effect of 3 gallons per minute power section 
oil fire of 30 seconds duration on aluminous 
alloy accessory section cowl. 


