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DETERMINATION CF MEANS TO
SAFEGUARD ATRCHRAFT FROM POWERPLANT FIRES IN S1IGHT

PART III

SUMMARY

A full scale, operating Waco YKS-37 engine-fuselage-wing combination was fire tested 1n a
contrelled air blast to simulate actusl flight conditions Quantities of gasoline and o1l were
1en.tad at locations throughout the powerplant installation where fire might occur as a result of
fallures of the engine or the fuel or oil systers

Four sevarate investigations were conducted concerming (1) fire extingulshment, {2) fire
detection, (3) effect of fire on materiala, and (4) scurzes of igniticn

Fire sxtinguishing systems of reascnabie siza and weight proved capab_e of ext.nguishing
fuel and a1l fires within limtations of fire size and duretion under simulated Tlight conditions
These tests resulted 1n determinations of optimur agent distribution systems, mirimum agent
quant.ties, and minimum sgent application rates necessary for protection of t1e engine installa-—
tion testen

The fire detection tests proved that quick, vositive fire detection 1s practical and that
wire type fire deteclors are considerably suverior to unit detectors in installations of this type

Teats on materials included the development of methods for making fabric and doped air-
craft coverirg more resistant te flame, and investigaticns into the use of non-metalliec firewalls
During o1l and gascline firea of various slzes and in varlous locations, temperaturea of cowling,
wing and fuselage skin, and the firewall were reccrded The general effect of fire on the entire
powerplant installation was obser ed throughout the tests

Ignition tests were conducted to determine the possibility of spontaneous ignition of
gasoline, lubricating oil, and diesel fuel o1l The tests shomed that ignitior spar-s, the car-—
huretor azir heating system, and cracks or openings in the exhaust syeter can be 1gnition sources

INTRCDUCTION

Followang the fire tests on the DC-3 t:,'pel amd the CW-20 t_*,"pe2 powerplant installations,
a questionnaire was circulated through the organizations which were actively interested in these
tests to determine the next installation to be tested A four or filye-place private—cwner type
aircraft 1n the 200- to iD0-norsepower class was chosen  Accordingly, a Waco YX5-37 airplane
pomred My a Jacobs L-4M engine (225 hersepower) was obtained anc made suiteble for fire testing

The contrcl of fires burning fusl or oll, released by fuel or oil system failures or by
engine structural fallures and agnited by sparks or faulty exhaust systems, 1s of primary impor-
*ance

Wost praivate-owner tyspe alrcraft are not equipped with fire detectors, fire extingulshing
systems, or with means for stopplng the engire o1l flow in flight  Alumlrum alloy bulkheads

1w pelles and H L Hansberry, M"Determination of Means to Safeguard Alrcraft from Powerplant
Fires in Flight - Part I," GAA Techrical Development Report No 32, September 1943

o1 Pigmen, "Determination of Means tec Safeguard Aircraft from Powerplant Fires in Flight -
Fart II," CAA Technical Development Report Wo 37, Cetober 1943



separate power sections from accessory sections, and accessory sectlons from the fuselage In ad-
ditien, alumnum alloy is used extenelvely throughout the powerplant installation

Fire protectlon of large air—cooled radial engines wes discussed in referencea 1 and 2,
but no information was available on fire protection of air—cooled radial engines of the 200- to
400-horsepower clasgs  Therefore, information was desired as follows

1 TFire Extinguishers Methods of application of the three extinguishing agents which
proved moat effective in previous tests Information on their rates and times of discharge in
power and accessory mectlons, on the weights of the agents, and the design of necessary piping
and controls

2 Fire Detectorsi Information on the time of opsratlon, ability to withstand severe
operating conditions, proper locatioms, and proof agminst false alarm of the detectors most suit-
able for the type of inatallation tested

3  lMaterlals and Equipmentt Determination of relative resigtance of mll parts of the
powerplant installation to test fires Data on temperatures around and in the vieinity of the
powerplant 1ngtallatlon  Also develcpment of dope and fabrlc combinations capable of withatan-
ding fires of 30 seconds duration

4 Fire Ignition Passibilities, Infermation on ignition sources ard means to reduce the
hazards of such ignmition

The conditions existing in a powerplant installation during flight were reproduced by
subjecting & remotely controlled, full scale engine-fuselage-wing comhinatlon te an air blast
from & wird tunnel, which simulated forward motion of the airplane

As the engine i1nstallation waa basically simllar to that of the DC-3 previously tested,
it wasg felt that the test results would be of value from a comparative stamipoint and would make
the results of both tests more applicable to other installatlona Material from this report and
from references 1 and 2 has already been summarized in & separate notel.

An outside wind tunnel and other neceasary facllities were made avallable by the National
Bureau of Standards where all the testa were conducted

Excellent cooperation was received from and acknowledgment 13 given to the followlng
organizatlions which supplied the personal services of their englneering staffs, test materials,
and equlpment

American-laFrance-Foamite Corporation
0-0-Two Company

Empyre BExtingulshing Company

Ferwal, Inc

M nneapolis-Honeywell Hegulator Comparmy
National Bureau of Standards

Panelyte Division, 3t Reglie Paper Compamy
Phagter Manufacturing Company

Pyrene Manufacturing Company

United States Navy Department

Walter EKidde & Company, Inc

HOWo-~-10aklon

[

DESCRIPTION OF TEST EQULFMENT

The complete test layout 1s essentially the same as that shown in figure 1 of reference 1,
except for the replacement of the DC-3J nacelle unit by the Weco fuselage unit A sketch of the
test umit I1s shown 1n figmumre 1 of this report, and flgures 2 and 3 are photographs of the test
set-up

Tne test sei-up was a Waco YES-37 alrplane with a Jacobs L-4M engine installation obtained
for these tests Seversnl modiflcations in the set-up werse made, ineluding

1 The alummm alley accessory section cowling (diaphragm) was replaced by a black ircn

dlephraem
2 The alumnum alloy firewall was replaced by a black iron firewall

E Hanaberry, "Design Recommendations for Fire Protection of Aircraft Powetplant Installa-
tiona," CAA Technical Develomment Note No 31, September, 1943



3  The fabrlo covering of the airplane was replaced Ty O 0l12-inch steinless steel sheet
4 The engine oll tank was removed from the accessory section and installed in the
fuselage
5. The engine oll cooler was replaced by a dummy cooler
6 The engime accessories and fusl system in the accessory section were protected from
fire by lagging coneisting of agbastos cloth scaked 1n waterglaas Flgures 4 and 5 are phato-—
graphs of the mccessory sectlon

The engins was opsrated by remote control duraing the tests The test equipment coneisted
of

Enginer Jacobs LM, seven cylinders, single row, radlal air—cooled mircraft engine rated
at 225 h p. 8t 2,000 rpm

Propeller: Two-bladed, mdjustable pltch, mestal propeller, B feet, 3 inches in diameter

Englne Cowl: Standard aluminum alloy N A C A cowl

Accegsory Section Cowling  Standard 0 049-inch sluminum alley cowling and O 030-inch
black iron cowling

Engine Alr Induction System Carburetor air intake mystem as shown in figure 6

Fuselaget Steel tubing structure of the original airplerme was uged. Wooden formers were
replaced by SAE #1025 steel strlps Febric was replaced by O Ol2-inch stainless steel The test
unit was supperted at the landing gear support comnections

Wing Stuba:r Built up of O 0l2-inch stainless steel skin on SAE #1025 atrap steel struc-—
ture,

The engine control shed, oil and fuel tower, extinguishing shed, wind tunnel, and fire
nozzle used in thege tests were s described in reference 1

QENERAL TEST PROCEDURE

Three different types of Installations were tested 1n thns program In the first type
the inter—cylinder and head baffles, as well as the NA C A ring cowl, were 1nstalled as shown
in figure 74 The approximate air volume passing through the power section, measured by means of
s pitot static tube, was 33,000 pournds per hour, wlth the engine running mt 2,000 r p o and 21
inches manmifold pressure, and the tunnel producing an eir flow of 70 mlles per hour

In the second type of instalimtion the inter—cylinder and head baffles were removed, but
the N A C A ring cowl was installed as shown in flgure 7B The mspproximate air volume passing
through the power sectlon, meesured by a pltot stetle tubs, was 49,00C pounds of alr per hour
with the engine running at 2,000 r pm and 21 inches manifold pressure and the wind tunnel de-
valoping an alr speed of 7C mlles per hour

The engine, without inter—cylinder or head baffles mpd wathout the N A C A raing cowl,
was tested as the third type of installatlon shown in flgure 7C No attempt was made to check
the air flow through this type of powerplant installation

The factors affecting fire conditlons were the iype of fuel turmed, the fusl flow rate,
and the fire locetion and duretion

Mumber 10 SAE oll, preheated to 300° F to simulate effect of &an overheated englne, was
used in the oll fire tests to faclilitate handling and 1gmtion Tests were alsc conducted using
diesel fuel oil to determirne the hazards involved in the use of euch oll In the accessory
gection gasoline fires, 73-octane avlation gascline was burned

The rate of oll flow used to feed a majority of the power section o1l fires was 1 5
gallons per minute If the engine were stopped and the oll flow shut off at the tank immediately
followlng a fracture of ihe crankcase or a cylinder, the 1 5 g p m. o011 flow used 1n the tests
would result from three gquarts of residual oll being uniformly Jettisoned for 30 seconds In
addition, the total oil flew through the engzine would be approximatsly 1 5 g pm Tests were
conducted using flow rates of 1 0 gpm to 3 g pm for comparative results Figures 8, 9, and
10 ehow typical power section oll fireas

The maximum rate of oil flow uaed to feed accessory section oll flreswas A C gpm
Such a quantity of oll eould be releassed In the mccessory section because of faillure of the oil
tank or of the oil 1lines between the englne, oil cooler, and oill tank Flgure 11 shows a
typlcal accessory section oll fire

The rate of gasoline flow used to feed accessory sectlon gasoline fires was varied from
02g.pn to3 g pm An accessory sectlon gasoline flre i1s shown in flgure 12



Power sectlon fires, resultlng from cylinder fallures, were simulated by introducing a
burning stream of o1l between the engine cylinders The radial range of fire nozzle locations
extended from the crankcase to the cylinder heads, and the fore and aft range extended from the
formard edgs of the cylinders tc the rear edge The nozzle direction was varled at the varlous
inter-cylinder locations

Accegsory section fires resulting from fuel and oil line failures were simulated by placing
the fire nozzle outlet just inside the acesssory section cowl (diaphragm} This procedure was fol-
lowed at five locations sround the cowl, and at each locatlon the nozzle angle wlth respect to the
cowl wona varied

The fire duration in all tests was 30 seconds, since 1t wes agsumad that fire detection
would oceur within 3 seconds of & fire start amd that an airplane crew could apply the extinguish-
1ng agent well within the remaining 27 seconds

Gasolina filres were 1gnited by an electrie spark
atream of hurning gasolins

011 fires were lgnited by & small

EXTINGUISHING TESTS

Purpose
The purpeses of the extinguishing tests werei

1 To determine the efflcacy of various flre extingulshing agents when applied to gaso-
lins and oll fires occurring in the power and accessory sectlons of the aircraft powerplant in-
stallation tested under simulated flight conditions

2 To determine for each extinguishing agent tne quentity required, rete of application
necegsary, and the optimum method of distrabution in both the power and accessory sectlons

A total of 648 fire extirguishing tests were conducted, using various extingmshing agents,
urder the test conditions as described on pages 7 and 4  In gemeral, extlnguishing agents were
applied, at variocus rates and duratlons ef discharge, through varlous distribution systems to
gasoline and o1l fires occurring throughcut the powerplant installation  Three fire extinguishing
agents were included in the tests These agents 2nd their properties appear in table 1

Table I

EXTINGUISHING AGENTS TESTEC AND PROPERTIES

Extinguishing Agent ¥ethyl Bromide Carbon Dioxide Carbon Tetrachleride
CH3Br COp o1,

Molesular weight Q4 94 44 00 153 84

Specific gravity 1 732 (1) o 77 (1) 1 &326 (1)

Boiling point 46°c (2) 8 o (2) 76 8°c  (2)

¥elting point —93°c (1) -23°c (1)

Cu ft per 1lb of gas or

vaper at 20°C - 740 mm 405 (2) g2 75 (2) 2 50 (2)

Specific gravity of gas or

vapor at Q°C - 760 mn

{air =1 0) 327 (2) 152 (2) 5 31 (2)

Vapor pressure at 20°C

1b per sq in - g17 (2) 176 (2)

1] Internatlonal Grities]l Tebles
(2) "The Comparative Life, Fire and Explosive Hazards of Common Refrigeranta’ —

Underwriters Laboratories.
(3) In addition, two experimental extinguishing agents, produced by the J-T labora-

torlea, Plalnfield, New Jersey, were tested

Heowever, only 1 gallen of each of

these agents was used, and no conclusions concerning their relative werits could

e substantiated




The systems used for distributing the extingulshing sgents to the power and accessory
sections weres naslcally the same as the satisfactory systems dzveloped in reference 1

The effects of rate end duration of application of the agents on extinguishment mors de-
termined using sach of the three installation conditions shown 1n flgure 7 Hates were varied
from 1 to 5 pounds ver second, asg applied to the ent.re powsrplant inatallation, by varying dimen-
sicna of lines and nozzles and by regulating pressures in the extingulsaning agent conta_nera
Durations were varied from 1/2 gecond to 5 seconds  The quantity of agent used in eaech test, as
determaned %y the rate and duration of the application, varied from approximataly 2 to 10 pounds

A& short series of fire tests was conducted in which the power section cutlet area was
completely covered witn asbestoa cloth to ascertain tne reduction in tne quantit,, rate, and
duration of exiinguisning agent application which would result frog complete closure of the rear
of the power section., Addaiticral tests were conducted in whicn extinguwishing agent was applied
without fire, with and without tne power section outlet closure, to compare the concentration of
agent urder the t#o condations

Results and Discussion

Individua’ fire extinguishing teats are not discussed in this report as such data would
e confuasing because of thelr volume and wou.d serve no useful purpose  Teats were conducted on
gach point urt_1 such neoint could be substantiatea or discarded  Accordingly, 1t was necessary
o conluct a sreat number of tests in order for tie test results to prove reliable

The thres test variaoles which had tae greatest effect on fire extinguishment ware air
last, fire conc.tions, and extingmshing apent conditions e depgree of eilr blast was deper-
dert upon the proveller slip stream ard the #ini tunnel air speed Fire comditions _reluded
the tyre of fuel and the size, loceticn, and duration of the fire The factors affecting
extinguishing agent i1muolved the type and gquantity o agent, the distribution system, and the
rate and duraticr of agent application

Te effects of air blast on extirgulshment were as follows

As dascucsed in reference 1, extinguish.nz sgent applied forvard of the cylinders 1s
wasted b, overflowing around the cutside of the ring covl Plgure 8 anoms the effect of this
spillage of fire from a source between tne cylinders In this instance the fire nozzle was
located -etseen the cylinders, at the crark case The resulting flame extended several inches
behird the c,linders, then radizlly cutward from the crark case and forward just inside the
ring cowl The flame swirled ¢rownd tie propellsr hub and spilled over the ring cowl

The quantit, of cocling a_r passing threugh the power section rapidly removes extingul-
shireg agent arplied unear the IJire source  Consequently, gquick application and prope. distr_bhu-
tion and placement of the agent are necessary for ext_nguishuent

The air clasti forced powsr section fires back into the accessory section and carried
accessory secticn faires from the air cutlet at the bottor of the gection to within a few feet
ol the ta.l asseunnly In general, rfires 1n the air blast were very severa, being sumlar Iin
nature to a blow torch flawe

The f.re tests 1n which the power section alr blast was sliminated by closare of the
outlet area indicated that such a design would reduce the extinguishment problem, 1f tne closure
were absolutely leask-nroof Extirguishing agent corcentration tests showed that the agent cor-
centration wmith full ciosure was apcroxaznately 100 vercent hicher thar mth the vower section
outlet area ocen, all other conditions of air hlast ard extinguishlng agent remaining the same

Agert concentrations in the pows™ sectior, with tae section outlet area open, were
generally so low that the smotnering zct_on of the agerti could not have heen sufficient to ex—
tinguish pover section flres  Apperently, the suaceessful extinguishment of power section fires
i1s dependent on the force with which the 2gent cuts through the air blast and fire in the
preximty of the fire source The degree of cut*ing force attained 1s & function of the rate

o

af agent applicat.on

The tests proved that data on the mass gsir flos throuzh a power section are not suffi-
cient to determine the rate of spfent appl_.atlon necessary for extingulshing power section firss
Successful ext_ngulshment of fires in tie .nstallat.on lncorporating inter-cylinder and head
baffles and ring cowl, throush which t1e air flow was 33,000 pounds per hour, required a higher
rate of agent aprlicaticen than was necessary ir tie instal.ation without the qead and inter-
cylinder haffles, through which the air flow was 43,0CC pouras per hear  Apparently, a small
quentity of air woving st high —elocity oetween cylinders and beffles is more crit_cal from the
lre extinguishing standpoint then & greater gquantity ol air moving hetween the cylinders at
a lower velocity A a.gher rate of agent application, or ferce applied, was required in order



for the high speed air flow and fire to be cut off and the fire extinguished

The fire fuels burmed during the tests were #10 SAE oil, diesel fuel oil, and 73—octans
aviation fuel 01l and diesel fusl only wers burned 1n the power section as no appreciable quan-
tities of gmaoline can be relaagsed in an actual power sectlon

In the power asectlon, the extingulshment of dlesel fuel fires was much mere difficult
than the extinguiahment of flres burning simllar quantities of #10 SAE oil Fires burning diesel
fuel reached maximum intensity within a few seconds of the fire start, whereass fires burning #10
SAE o1l graduslly increased i1n Intensity until 20 seconds after the fire start A great percen-
tage of the diesel oll relessed sn the power section burned within the powsr section, whereas only
g small percentage of the #10 SAE oll releamged actually turmed within the section  The diesel oil '
flres wera much more severe and difficult to extinguish than fires burning #10 SAE oll

The types of acecedsory section firee teated weren

#10 SAE o11) Fires entering the accessory sectlon from fire scurce in the power section
Diesel o1l )

#10 SAE o1l) Fire source 1n the accessory section No fire in the power section
Diesel o1l )

7i-octane aviation) Fire source 1n the accessory dection No flre in the power sectiom
aagline

Extinguaishment comparisons batween #10 SAE oll fires and diesel fuel fires in the accea—
gory section with the fire source in the accesscry section, or wath fire leakage from s power
gaction filre scurce, were as explained for the power 3ection fires

0f the three types of fires with the source in the accessory section, gasoline fires and
di1esel fuel fires were the moat difficult to extinguish There was little difference bstween the
two fire fuels as fhr as extingulshment was concerned Fires burning #10 SAE oil were aeppreclably
easier to extinguish than those turning gasoline or diesel oil However, in no Iinstance was ex-
tingmshment of fire from a Source 1n the accessory sectien difficult This was due to the small
volums of the section and to the fact that very small quantlties of the fire fuels released
actually burned within the gectlon A major npart eof the fuel released burned in a long tall of
flame under the fusgelage, leaving the accesscry section through the alr outlet opening at the
hottom of the section

In most of the flres with the gource in the accessory seotlion, liquid gasoline and oll ran
out of the aection and turned outslde because of the lack of alr for combustlion within theg section
proper  All of these liguids escaped mt the hottom of the mection and resulted in ome lzrae tall
of flame waith no talls around the rest of the section  Thus, all the extlngulshing agent and fire
escaped through the same opening, which reduced the extinguishment prohlem  Thils fact alse made
posglble the extinguishment of gasoline fires with the gascline flowing, which was not possible in
the DC-3 type of installation because of the many fire talls which escaped in that installation
Figure 13 shows a comparison of the accesgsory section cowling attachment methods used on the Wacao
end DC-3 airplanes 0f these two mathods, that of the Waco 1s more advantageous from the stand-
point of flre extinguishment In the case of the Weco i1netalletlon the lack of a great rumber of
fire tmils from accessory sectlon fires made possible the extingulshing of accessory section fires
without the overflow of power section agent which was necessary in the DC-3

Gaacline and diesel fuel fires genmerally appeared much larger than o1l fires of the sams
quantity of flow This was dus to the fact that much of the oil released for the fires did not
hurn but was carried awmy in the air blast, and oll fires i1n general required ccnsiderable tims
to reach maximum combustion (Qasolins and diesel fuel reached maxamum combustion immediately !
after ignition, and the entire quantitles of each fuel released burned inetead of being carried
amay by the air blast in the liguid state

When adequate rates of agsnt application and proper distribution methods were uscd, large
and small o1l fires within the power section proper were extingulshed wlth the same ease
Gonversely, when inadequate ratea of agent applicatlion and improper distribution methods were
used, large and small o1l fires within the power sectlon were egqually difficult to extinguish
For the remainder of the fire, or fire tall, lerger fires were somewhat more diffieoult to extin-
guieh than smaller fires  However, the difference between large and small firea in the ¥aco
was not nearly so grest ae 1n the DC-3 because of the smaller quantities of oil necessarily
burned in the smaller installation and the resultent sherter fire tails

Pocause of ailr blast variaticons behind the varicus cylinders in the power section fire
extingulshment was simple or difficult, depanding upon the particular fire source location.
The rate of applicetien wes increassd until the fires could be extingulshed repeatedly regard-



lesa of the fire souree location

The oll copler on thie inmtallation was located in & small tunnel between cylinders #6
and #7 shown in flgures 4 and 5 ‘The inlet opening to the cooler extended several inches forward
of the cylinders This design precluded the entrance of oll or flame and made any gpeclal distri-
bution of agent to this locetior unnecessary as there were ne instances in which relgmticn cc—
curred frow this source

The exhaust stack on the inetalletion (see figures 4 end 5) was 8 double outlet type
comprislng two half circles, one exhausting on either alde of the installatlion at the bottom
Although the stacks projected only mpproximetely one-half ineh through the ring cowl ard no at-
tempt had besn made to provade seals betwwen the raing cowl and the exhaust stacks, there were no
instances of lgnition or reignitlon from thia source Tests were conducted, with and wathout
previous cil fires, in which the sngine was caused to backfirs at various engime speeds, air bldst
velocities, and rates of oil flow 1In a very few instances thers were evldences of flame at the
exhaust stack outlets, but such flames were sc small and of such short duration tnat 1t cculd net
be determined whether the flames were due solely to the backfire or partly to i1gnition of the cil
vapor at that lecation  Howsver, all such fires went oul immediately end never became hazardous

A A:gpnaed an af +ha asvhitvodbas 8dm haatdne awvratam 12 4nalvidad 4n +ha lotdnre Aawtd oF +hi s
A discusslon of the carburstor alr heating systsm 1s included In the latter part of thils
report which demls with 1gmitlon pessibilitles

A1l the fires tested were permitted to burn 30 seconds before extinguishing agent was
applied  Although fires of shorter duration might be slightly ezsier to extinguish, the dif-
ference 13 not sufficient to warrant the use of smaller agent quantities or lower rates of agent
application

The methods used to distribute the extinguisning agents to the powerplant installation
were hasically the same a3 those developed in the tests of the DC-3 type installation Tt was
found necessary to distribute agent simultaneously to the power and accessory sections only, as
no other volumes of the installation were separated from those two sections Tahtle 2 shows the
optlmum metheds of agent distributicn 1n the twe sectlons for the three agents teated

Table II

OPTIMUY DISTRIBUTICN METHCDS FCR FIRE EXTINGUISHING AGENTS
{See figures 14, 15, ard 16)

Extinguishing Agent Power Sectlon Acceascry Section

Methyl Bromlde mnd Double slot nozzle at Nozzles or perfor-

Carbon Tetrachloride the Tear of the hase ated raing around the
of each cylinder englne rear case

Carbon Dicxide Double or singls slot Perforated ring
noszle at the rear of around the engine
the base of each cylirder rear case

From experisence gained during tests on the DC-J type powerplant installation, the firsti
powor pection dlatribulion system installed consisted of a double glot spray nowzle located at the
rear of the base of each cylinder, each nozzle fed by an individual lead from a distributor which
wea directly connected te the agent container (See flgure 14) Becguse of the restricted area
behind the cylinders 1t was necessary to provlide a tee nozzle with the inlet on the alde and out-
lets on the forward and rear ends The same power section distributlon system was used in the
three Ilnstallation conditiona shomn in figure 7

In the accessory section, the first system installed consipted of perforated tubing, as
shomn in figure 15 This gystem proved very effectlve for all three extinguishing agents tested
In later tests a system of nozzles was Installed as shown in figure 16 This system proved
s8lightly superior te the perforeted ring when liguid apgents, methyl bromide and carhon tatrachlo-
ride, were used but proved scmewhat inferior te the perforated ring for use with carbon diomde

No protection other than that of the power and accessory sections wes required as there
were no other 1solated volumes in the powerplent installstion However, carburetor protectian,
ag already provlided in many airplanes, ls considered of great valus

The rate of agent zpplication proved to be the most important factor affecting the abllity



of an agent to extinguish flres, particularly power sectlon firaes The raplid diasipation of the
agent from the power section by the air blast made extinguishment of fires in that section pos-
sible only when agent was discharged at a sufficiently high rate  Although the dlscharge rats
was not so critical in the accessory gection as in the power sectlon, becmuse of the reduced air
blast, 1t was st11l the most important factor affecting extinguishment

In the three installation conditions tested, the ratea of agents discharged were gredually
1nereased in both the power and the secesdeory sect.ons until all fires, regardless of the location
of the fire sources, could be extinguished This rate at which all fires could be extinguighed is
known a8 the mininum necegsary rate The rates for the varlous agents 1n the twe sectlons, for
the three installation conditions tested, are gaven in table 2 In the DG-J tests, 1t was possible
to determine the end of effectlve discharge of the liquld sgents with scme accuracy Howsver, in
the Waco tests, because of the small quantities of the agents which were required and the compare-
tively low discharge rates, the determirations of exact rates ard/or durations of discharge of
liquid agents were not praetical Accordingly, the acvual discharge curves of the agents are
given slnce 1t is believed that such curves may be more accurately and more easily checked in the
development of actual alreraft powerplant flre extingulshing systems

Table III

NECESSARY MINIMUM APPLICATION RATES OF EXTTNGUISHING AGENTS
AS DETERMINED BY THE TESTS

Installation Engine Methyl Carbon Carbon

Condition Seetion Bromide Dioxide Tetrachloride

Included head and Fower Figurs 18 4 pounds Figure 17

inter-cylinder 1 5 seconds

baffles, ring cowl Accessory 2 53 1bs 2 pounds 2,33 pounds

(see fig 7TA) 0O 6 seconds 1 5 seconds G 5 secords

Included ring cowl Power Figure 20 2 5 pounds Figure 19

only 1 O seccnds

(see fig 7B) Accessory 1 50 poumnds 1 5 pounds 2 33 pourds
0 6 secornds 1 0 secorda 0 75 secends

No cowl or Power Figure 19 5 5 pounds Figure 21 I

baffleg 1 5 seconds

(see f1g 7C) Accessery 2 50 pourds 1 5 pounds 2 75 pounds
O 75 seconds 1 5 seconds 0 75 seconds

The ahort durations of agent dlscharges and the smell guantities of agents invelved made

the resulting discharge rates most difficult to determine

rates were

In
exactly as
frames per

Therefore, the means by which the
meagured are described

every cagde, tne system to te tested was remeved from the alrplane and re-assembled
it had been installed Motion pletures were taken 1n all rate tests at a rate of 20
second

A11 carben dioxlde tests were timed from the first appearance of the laquad until the

last trace
results

of liguld It is believed that these points are sufficiently definite for reproducing

This procedure for carbon diexide was uged for both power and accesdory gection aystems

Dacauge of the volatilit, of methyl promide, carbon tetrachloride was used for the rate

tests of both liquid agents
aqual, this method was deemed advisable

rates ware

hs the specific gravities of the two laguids are approximately
Thus, when equal volumes of the llguids were used, the
slightly different because of the difference in weight shown in table 1

Liquid agent discharges from the accessory section gystem were tlmed from the first

appearance

of the laquad untal the first point at which the spray pattern began to detericrate !

T™hie point was the last definite polnt before the absclute end of discnsrge, generally occurring

after 4 or

5 secoands Observations of actual fire extinguishmenta showsed such dascharge timss

as 4 or 5 geconds to be highly inaccurate as fires were extinguished withain 1 5 seconds

Obvlousaly,

escaping propuleive alr long after the useful discharge hae stopped

apent vapors and small quantitles left in the lines are carried cut along with the

For checking the rate of liquid agent discharges from the power sectlion system, the method



uged wae more involved and more accurate than any of the methods discussed above In this caee,
motlon pletures taken at a rate of 20 framws per second were made of two nozzles only, the remain—
ing five nozzlea having been cut off from view One noztzle was used to determine the starts of
suocagsive testa In thede tests, the discharge from the other nozzle was collected durlng various
time intervals from the test starts When, for any one set of agent conditions, the quantities of
agent discnarged 1n the various time intervals from the atart were plotted againat the time inter-
vala as determined from the motion plctures, the discharge curves shown in flgures 17 to 21 resul-
ted The 3slope of these curves at any point 13 the rate of agent discharge at that peint Approz-
imately 40 points were plottsd for each curve, each point requiring a rate test as described above

Figures 17 to 21 show the actual rates of agent dischargss from one nozzle of the seven-
rnozzle power section system Inapection of these curves will indicate the difficulties of
determining the exsot duration of effective discharge Such curves could not be determined for
earbon d_oxlde because of tne difficulty of colleeting the gas in increments during the discharge

Lower sir bleat wveloecities in the accessory section did not require the high sgent rates
of application which wore necessary in the power section

During the tests many fires were extingmished, in both sections of the inatallatlon, at
agent rates much lower than those given in table 3 and in flgures 17 to 21 However, 1t was
neceasary to increase the rate untll all fires could be extinguished, regerdless of the prevalling
conditions at the particular fire locatlan

The DC-3 tests proved that tte duration of agent discharge should not be less than 2
geconds for that instellation The agent discharge duratlions in the case of the Waco varied, for
the particular condition of installation, between O 5 and 1 5 geconds Thlas difference probably
results from the fact that the fire "talls"™, so common to the DC-3, were not encountersd waith the
Waco  Thug, in each i1mstallation, the bulk of fire within the installation was extinguished
within approximately 1 second, but extinguishment of the numerous fire tails of the DC-3 required
additionnal time Long durations of extlnguishing agent discharge are bemeficiel, but testa
proved that such long duratlons are unnecessary lLonger durations require proportionately
greater quantities 1f the rate i1s to be meintained since rate, not quaptify, 1s the criterion
governing extinguishment

Table IV

NECESSARY MINIMUM EXTINGUISHING AGENT QUANTITIES
DETERMINED BY THE TESTS

Installation Englne Metnyl Bromide | Carbon Dicxide | Garbon Tetrachleoride
Condition Saction {pounda) { pounds) (pounda)
Irncluded head and Power 33 4 © L0
inter—cylinder Accessory 25 20 213
baffles and ring Total 58 60 63
cowl (ee f1g 7A)
Included Ting cowl Power 15 25 213
only (see fig 7B) Accessory 15 15 23
Total 30 40 4 6
No cowl or baf- Fower 25 55 27
fles (mses fig 7C) Accessory 25 15 27
Total 50 70 5 4

™a actions of extinguishing agents found to be most effective 1n the Waco powerplant
1nstallation were the mechanical and amothering actlons Mechanlcal action, which results when
agent 18 directed acroes the fire with pufficient force to cut the fleme away from the fuel, ims
most effective in extinguishing powsr sgectlion fires Smotherine actlop, which renders asir in-
capable of supporting combustion, wap of most 1mportance ln extingmshing fires 1n the more
confined mccessory sectlon Blanketing actlon, which prevents alr from reaching fire tails, waa
not nearly so important in the Waco tests as in the DC-3 tests because of the single fire tail
resulting from the Waceo powerplant firea In the Waco tests, fires burning outside the instal-
lation proper were concentrated into one large tall rather than intc mumerous smaller tails as
1in the D0-3 tests Cooling ggtlon had a negligible affect on extinguishment because of the smell
gquantitiea of agents necepsarily used



A comparison of the three extingulshing agents tested in thas particular type of power-
plent installation is given in order of merit in table 5 and is based on the extinguishing
ability of the agent only, assuming proper distribution methods, rate, and quantities exist for
each agent

Table V

FIRE EXTINGUISHING AGENTS IM CRDER OF MERIT FOR USE IN
ATRCRAFT POWEPPIANT INSTALIATICNS OF THE IYPE TESTED

Order Power Accesscry Section
of Section CGil Fires from Oasoline Fires Cverall
¥erit 0il Power Section from Accessory
Fires Source Section Source
1 ¥athyl Mothyl Methyl lethyl
Bromide Bromide Bromide Bromide
2 Carbon Cerbon Jarbon Carhon
Tetrachloride Dloxdde Dicxide Dioxide
Carbon
Tetrechloride
3 Carbon Carbon Carbon
Drioxlde Tetrachloriae Tetrachlorade

Th.s compariscn of agents 15 purel, gqualitative because of the many variables 1molved
and the necessity for Umiting the numbsr of tests comducted Such factors as complexity and
welght of distribution systems, contalners, line sizes, pressures required, agent operating and
handling conditions, toxicity, and corrcalon, were considered design problems having no bearing
on the relative merits of the extinguishing agents

All three agerts tested were capable of extlngulshing power section oll fires and acces-
gory section oil and gasoline fires with the liquids being burned flowing during extinguishirent.
In addit.on, these agents extinguished accessory seetion diesel oll fires in which the oll cen-
tinued to flow during extinguishment However, mone of the agents, applied at the rates given in
table 3, were capehle of extinguishing power section fires burning diessl fuel oll The few
teats comducted on power section dlesel oll fires indicated that & specific series of tests should
be conducted on an mctual diesel engine 1f the test results were to be of an, value

Although methyl bromde, carbon dioxlds, and carton tetrechloride each proved capable of
extinguishing all lubracating oll and gasoline fires tested, methyl bromide proved superior to
the other agents 1n extinguishing ability

For all agents, stoppage of Ilows of gasolire and o1l before extinguwishmert 1s attempted
reduces the extinguishment problem, particularly in the case of burming gasoline

It 15 repemted that the comparison between the agents given above applies only to their
ability to extingmish fires in flight ir the type of powerplant instellation tested

Desion Information for Extinguighang Systems

The basic distribution systems used r these tssts resulted from the systems developed
on the DC-2 type powerplant installatior discussed i1n refererce 1

The power section s,stem tested conslsted of one twin-slot spray nozzle behind the base
of each cylinder, as shown in figure 14  Bach such nozzie was fed by an individusl Jine from a
distributor which was connected by 2 large single line to the agent cortainer s1though this
arrangement facilitated testing, it was indicated th-t a large feed llne leading to a tube around
the crankcase, then through short feed lines to gach nozzle might be more advantageous in prac-
tice However, any syster maklng use of a ring around the crankcase will involve considerable
work to insure that the apray nozzles recelve equal quantities of agent withln plus or minus 10
percent, which was required in the distributer type installation tested

In the accessory section, the systems shown in figures 15 and 16 were teated The
system compriming & ring of perforated tubing around the engine rear case proved satiafactory
for use with all agents tested However, for liquid agents the system comprising the ring ard



nozzles proved scmewhat superier to the perforated tube, but the difference was not great enough
to warrant use of lower rates The requirsd distribution from the zecessery section system le
not nearly so critical as in the case of the power section 1In the accessory sectlon no nozzles
should discharge less than 50 percent of the quantity whieh wouwld be discharged 1f the quantities
distributed to the variocus nozzles were equal Distrabution iests of accessory sectlon systems
ghowed that the greatest agent quantlties are discharged from the ring at a point diametrically
opposite the feed line connection For tus reason, in the case of the Waco installation 1t was
advantageous to locate the inlet to the ring at the bottom of the section  This arrangement
provided the greatest cuentities of agent at the top of the @ectlon, and this apent had to drop
through tne entire section 1n order to escape through the outlet opening at the hottom  If the
inlet to the ring had been made at the top of the accessory sectlon, higher rates and greater
quantities of the agents would have beer necessary

The discharge rates for extinguishing agents in the two sections should be determined as
discussed on pages 7, 8, and § For power sectior systems an effort should be made to reproduce
the curves showr in figures 17 to 21 as the establishment of the end polnt of the effect.ve
spray 18 extremely difficult Means for determining this end point are not sufficiently accu-
rate, and the equipment to determine the entire curve 1s the Same as that required to cbtain
the approximate end point More time 18 required and more teats are necegsary to obtaln the
curve, but the results are more accurate and dependable

Separate agent contalners were used for the tmwe sections 1n the tests, but in actual
practice a single contalner wlth devices for metering sgent to the indivadual sections may be
more practicable This problem may be gimllar to that of cobtaining squal distribution, as
dlsgcussed ahove Tolerances on gquantitles metered to the various locatlors could not be deter-
mred, ard quantities shown in table 4 should bte adhered to as nearl, as possible

To minmimize the effect cof heating, distribution rings should be located as nesr the
crankcase as possible, and lead lines snould follow other parts as this permits transfer of heat
away from the lead line*and prevents fire from ent.rel, encirclaing suck lires

During the teats, rates of agent discznarge were varied by changing lengths and diameters
of feed lines, numbers and sizes of <olss in perforated tuoing, bore and slot sizes of nezzles,
and agent cortainer pressures The twin-slet nozzle proved superior 1n the power sectlon for
uge with 1liguid agents and, 1n addition, proved to ce as successful as the single-slot nozzle
for use with carbor dioxlds Accessory section liquid gpray nozzle deslan 1s not critical, but
the cone type spra; pattern arpears most satisfactory when located ms shown in figure 16 R11
spray nozzles used 1n the tests were made of brass All tubing used was copper, mith the excep—
tion of the perforated tublng used i1n the accessory sectaion, which was stainless steel  Nozzles
should be tested for their tendency to plug, particularly 1f carbon dlexdide 15 to be used The
design of nozzles to prevent cil and dirt from plugging ocutlets 1n actusl installations is
advisable

Power section nozzles should “e located as shown in figure 14, preferably waith the
forward spray lmpinging on the rear edges of the cylinder head fins and the rear spray dlscharging
cutward past the top of the cylinder head Accessory section spray nozzle locations are not
critical, and such nozzles should be located to avord as many obstructions as pogsible  The
number and sized of nozzles or cutlet heles 1n ths acceasory section gystem are dependent on
metering tests for determining the rate of agent discherge and equality of distribution  Ob-
viously, the greater the nunber of nozzles or outlet openings used, the greater wlll ba the
coverage Eight nczzles or twenty three 1/16—1nch diameter holes were used in the tests, the
total outlet areas of the holes and nowzles being equal

Release valves should be quick opening in order to cbtain the high dlscharge rates neces—
sary over the short durationa from O 5 to 1 5 seconds

The location of agent containers may be critical, particularly with respect to carbon
dioxide systems, beceuse of the rapid decrease of pressure in agent containers with a temperature
decrease Flgures 80 and 81 of reference 1 show the 1ncreased length of discharge time for equal
quantities of carbon dicxade ap the temperature of the containers was lowered

Conclusions

1 Extinguaishment of powerplant gasoline and o1l fires in flight in the type of instal-
latlon tested can be accomplished wlthin reascnable welgnt limitations, provided adequate agent
application rates and distribution methods are used

2 Extinguishiment of gascline and o1l fires in flight can be accomplished without stop—
ping the fleows of the burming ligquids, but shut—off of both gasoline amd o1l is advisable to
prevent recurrence of ths filre

3  Air blest is the most serious factor to be overcome 1n extinguishing aircraft power-
plant f.res, and 1t can be cvercome by the use of adequate rates of agent applicatiocn



4 Adequate rate of agent applleation is not dependent solely on the mess flow of cooling
air, 2t 1s also a function of the air wveloeity through the powerplant inatallation Small massges
of air movaing at high seeed require & highsr rate of agent applicetion than greater masses of air
moving at lower speeds

5 In the accessory seotion of the installation tested, gasoline fires were only slightly
more difficult to extinguish than oll fares

& An accessory gection air outlet consisting of a single area &t the botiom of the
section simplifies tne extingulshment probler by concentrating escaping fire into one large fire
tail which 13 acted upcon by all the agent released In that gsection

7  Within Iimts, large fires are no more difficult te extinguish than small fares

B Sections of amy installation wh.ch are sevarated b, bulkheads, such as the power and
accesaory sectlons, must be individually protected against fire

g Extingulshing agent, applied to the power and accessory secticns, should be d.scharged
simultansously

10 Methyl bremide, carbon dioxade, erd carbon tetrachloride are satisfactory for general
protectlion agairst sircraft powerplant firesa i1n flight in the type of installaticr tested Metnyl
bromide was found to be the most satisfactory agent tested for extinguishing such fires

11 The rate of extinguishing agent application is the most important factor in applyling
agent to powerplant fires in flight

12 In the type of 1nstallatlon tested, fires within the sections proper are extinguished
within 1 second, but agent discrarge duraticrs up to 1 5 seconds may be required to extinguish
the short fire teils owtside the power ssction and the one large fire tail emanating from the ac-
casgery sectior

13 Although the tests conducted to date make possible the deaipgn of extinguishing systems
for most radial englne installations, the required rate of agewt application can be proved only
by test

DETECTDRS

Purrose
The purpeses of the tests or fire detectors were

1 To develop, test, and compare fire detectors sultable for use in detecting gasolina
and o1l fires occurring in bott tne power and the accessory sections of the aircraft powerplant
installation type tested, under s.rulatea flight conditions

2 To determine for each detector the number required, optimum locations, and the time
necesggar, for cpsration

Description of Detectors Tegted

The detectors tested were ¢f two gerersl types, umt and continuous A unit detector is
an indivadual type capable of detecting heat or flame in the lmmediate vicinity of the detecter,
whareas a continuous detector may be in tne form of a wlire capable of detecting heat or flame
anywhere aleng 1ta length Descrirt.cons of many types of fire detectors are glver in reference 1

The four detectors uged i1n a majorlty of the Waco tests are descrabed 1n the following
paragraphs

The operation of one unit cetector used 1n the tests was due to the burnirg of combus-
tible mater.al In the detector two nylon strawds held open two electrical switches Burning
of tne strands allowed the switcn to close Two strands were prov_ded to prevent operstion if
ore strand were brcken accidentally  Thia detector 18 a product of Walter Kidde £ Company, Inc ,
and 18 shown un figure 22

The unit detector used in rost of the tests operated on ths princlple of expansion of
metals dus to temperature increases  This detector consiated of a convex sheet matal diae,
fixed to a base at 1ts center and at one peint on 1ts periprery A sufficient incresse in
temperature ceused the dise to "oil can," makang electrical contact between a point on the disc
peripnery oppoaite the faxed peint and a corresponding contact built intec the detector base
This detector is a product of the Arerican-IaFrance-Foamte Corporation and is shown in figure 23

One continuous type detecter used in the tests was & wire type, the coperation of which
was due to tne melting of a scft metsl alloy It consisted of an immer comdactor {wire) upon
which were strung porcelain bead insulaters  These Ilnsulators were sheathed with & soft tin al-
loy which was plated with copper Wnen the melting point of the tin alloy was reached, the alloy
fused and made contact between the ceopper plating, which remsined in tubular form, and the imner
conductor This detector ls a product of Fermal, Inc , and iz shown in figure 24
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The fourth detector tested was umed as both a contimuous and a unit detector Its cpera-
tlon was due to the ability of flame to rectlify an alternating current An a—c voltage was
impressed across & gap between a metal section of the airplane (firewall) and a wire conductor,
supported on but insulated from the firewall FPassage of flame between the firewall and the con-
ducter rectified tne current and, by means of an electronic clrcuit, operated a warning signal
This deiector was used as a centlnucus ware type and, by asing numerousd short conductor lengths con—
rected to the electronic circuit in parallel, 1t was also used as a serles of umt detectors This
detector 1= a product of the Minneapolis-Honevwell Regulator Company

Progedure

A baslec size gasoline fire of O 2 g pm was arbatrarlly establisqed for power section
detection tegts  The spread of such a Fire as 1t emergea from the power ssction 15 slowa in
figure 25 It was considered that fires smaller than O 2 g pm would not te imredimtely damaging
te the aircraft primary structure but fires of that size or larger should be detected within 3
seconds  Although the rapidaity of power section fire detectior depended on the fire si12e, this
relaticonship did net exist in the accessory seciion, therefore, accessory section gasoline
detector fires were varied from 0 2 gpm toc d gpm

All detectors were electrically connected to signal lignts in the control shea, and the
time legs between the atarts of fires and the operations of the warning laghta were chserved

For power section tests the basic detector fire gpread on the disphragm was obsarved In
successive fires a umt type dotector was mevea closer to the fire untll the time from the fire
start to the detector signal did net exceed 3 seconds or urtil the detector was actually .n the
Tlane At various locations the spread of tne detector firz changed, making 1t necessary to con-—
duct testa completely around the diaphragsn This variation of fire spread made ugeful another
teat method In this instance the Minreapelis-Honeywell detector was Lsed in coanection with 12
short conductor lengths If any of the 12 conductors were alffected by fire thz warming light
opereted, and by smtching the varicus segments o7 ard of " 1t was poasible to determines which
segments were covered by fire and the apcroxumate wicth of the fire These segments were in-
stalled completely around one side of the diaphragm so that tests couli be conducted with the
fire leocated at any poant on that side without shiftirng the detector locatlons

Cortinuous detectors were arranged to pass through *Fe unlt detector locations, and the
time lag was noted ms in the tests of the unit detectors

In tne accessory section, detectors were placea eround the firewall edge as far from the
fire source as pogsible to determine the required proximity of the detector te the flame source
in this section o” relatively low alr [lows Detectors were also lccated arcund t1e outlet
opening of the accessory sectaion

From exper.ence gained on the DC-3 type i1nstallat_on, power section detecteors were located
on the diaphragm only, and accessory Section aetectors wers located on tne firewall and arcund
the sectiop outlet cpening

The effect of rair on the o.eration of aevectors was simulatec by introduc_ng water at a
rate of 20 g o m 1nte the air stream forward of the propeller, before and during detectcr fireas

Results and Discugs.on
The tests showed that the basic power section detector fires, wecause of the high veloclty

turbulent air blest conditions, varled an spread over the diaphragm depending on the location and
directicn ol the [lre nozzle The width of thls spresl varlec from 5 _ncaes to 20 inches As in
the D2-3 tests, 1t was proved that pewer sectior detectors nad to be sctial.y coniacted by [lame
for rapld detection or for any detectlon at =11 Althovgh the “lame temperature acproximated
2000°T |, the air adjacent to the flame wms of much lower temperature ard couald net be dependec
apen to operate the detectors

Temperatures in the accessory secticon during fires iaried from 200°F to 2000°F regard-—
less of the quantit, of gasoline used to feed the fires  Trese temperature variations were
probably due to fire stratifacation caused by alr blast erterlng the section through blast tubes,
cowl cracks, and similar openings, as well as to the cooling effect of unburned gasoline  How-
ever, due to the fact that the only sizatle opening 1n the accessory secticn cowl existed at the
bottom of the cowl, ard because of the small volume of the accessory sectlon, it was proved that
even the smallest fires in the acceasory sgection emerged through that outlet cpening Thus, by
proper placerert of detectors around this cpeming, flres of any size were rapldly detected As
in the power sectieon, radiation of hest from s flame te a detector could not be depended upon for
rapid fire detection

Tasts showed that tae opilmum detector lecatlons were the points of flame egress from the
nowerplant irstallation Flame emerged from the power section between the ring cowl rear edge



and the diaphragm, and from the accespary section cutlet area at the bottom of that section  The
Spacings for unit type detectors are gilven in figure 26 As the flame typea were mensltive to
small tails of flame 1t was possible to space them approximately B lnches apart, whereas the metal
expansion types, which had to be actually enveloped in flame, could not be spaced at distences
greater than & inches

The optimum locatione for continucus detectors are shown in figure 26 A single laop of
the continuous type detector 1s sufficient for both power and accessory section detection

The detectors tested were designed to operate betwsen 35C°F and 400PF  This setting
precluded the possibility of false alarm as tne powerplant installation alr temperatures, with
the engire operating but witnout fire, varied between 250°F and 300°F

The laboratery tests conducted on detectors conslsted of plunging a detector into a
Bunsen burner flame of 2050°F (determined by a chromel-alumel thermocouple of #18 gage wire) and
observing the time required for detector operation from the first contact with flame

The operating times requlrad for the fire detectors %eated are given in table 6

Table VI

TIME REQUIRED FCR DETECTOR OFERATICN

Detector Detector Temperature Operating
Manmufacturer Typa Setting (°F) Moo {secs ) Remarks
American-LaFrance— Mo tal Unit
Foamlte Corporaticn Expansgion 400 35 type
Fermmal, Inc Fusible Alloy 375 22 Continuods
type
¥inneapolis-Honeywell Contlnuous
Regulator Company Electronic - 00 typa
Walter Kldde & Unit
Company, Inc Flame - o type

Tests 1in which water was gprayed intc the wind tunnel forward of the propeller to siumilate
rain indicated that the electronic detector would short cut of cperatlon or glve false alarms
With the coopsration cof the Minneapolis-Honeywell Regulator Company, censiderable testing and re-
vleming of the equipment proved that the system could be made te operate properly under simulated
rain conditions The revislons conslsted mainly of obtainling proper insulators and balancing the
eircult to preclude short-circulting and false alarming However, at the completion of the Waco
tests no complete electronic detector was avallable § final series of tests should be conducted
on this type of detector when suitable insulators and detecting units have been fabricated for use
in actual iInstallations At that time, the entire system should be checked for aoperating charac-
teristics arnd susceptibllaty tec almulated rain

In general, the tests did not involve conslderaticns of mechanlcal congtruction, resia-
tance to corrosicn, fatlgue, vibration, and cther conditions which would exist in an actual
powerplant instellaticen However, as the Fenwel fusible alley detector appeared to be the most
highly developed of the detectors tested, a few wibratlon tests were conducted to determine the
allowable spacing between the detector supports The optimum spacing between supports using
the detecting wire alone was 12 5 inches  The connectors used 1n combination with this detector
should bes individually supported

The Waco tesats indicated the superiorlty of the continuous type detector over the umt
type detector  The number of umt type detectors which would be required, the numher of neces-—
gary lead wires to these detectors, and the fact that the coverage of such detectors 13 not
rearly so complete as that which can e obtained by using the continuous type detector, made the
continuous detector appear more suitable for this particular purpese

The design criteria as stated in reference 1 were substantiated by the tests conducted
on the Waco powerplant inetallsation



Concluglons

1 FRamnid detection of aircrrft powerplart J.res can be obtained within reasonable
welrat lamitations 1f suitable detectors ard detector locations are usea

2 T™e proper [ re detector locatlons are the points of flame egress fror tne powerplant
_natallation

3 Spacing between (lame type umt detsctors in tnhe power and accesscry sections of the
1nstallotior tested snelld not exceed 3 inches  The spacing hetween metal expansion type detec—
“ors in this i1nstallatior snculd not sxceed & inches

4 Tae contiquous type detector 1s superior to the unit detectors from the standooints
of area covered ani simplicitsy of 1mstallaticn

Z Tne Ferwal fusible mlloy continuons detecter 18 considered the most highly developed
of the detectors tested for use on aircraft powerplant insta:lations

YATERTALS

Pu-nosa

The purpose of the teats o1 raterials was to study under fligat codaitions the effects
of fascline and o_l fires or raterials and ecuipmert cormonly used 1w aireraft powerplant instal-
lat ors

Description of Materials Tes*ed
The mate=_als used in the componerts of the powerplant-fuselage-wing stub urat were as

follows

Ing_ne Mount Stardard Waco TKS-37 engine mount Rubber engine mount busnirgs were
installed on four of the eight supports Te rsmeining four supports were solidl; conrected

Accessory Section Cowl (Diaphragm) Bots G 021-inch black iron and O 04%-11ct alumnun
allo,

Wing and Nacelle Skin, ¢C,0l2-1nck stainless steel sheet

Firewall: G 050-ineh black .ron

ongine Fuel Svstem  Copper tuoing lagged with asbestos

Engine il S,stem: Copper tuting laggec wath asbestos The o1l zooler of this instal-
lation was mounted between cjlinders #b and #7 and sc shrouded as to prevent srirarce of fire

Eaglne Accessories As described under "General Test Procedure," tre sngine accessories
me~e protected Zrom fire by an ashestos lageing

Progedure
h major_t, of these tests were conaucted in corjunction witn the extirsuishing and de-—
tector tests ander the air blast and fire corditions described under WGeneral Test Procedure 0

Under various fire corditions, temperatures throaghout the powerpiant instellation,
fuselage, and wirg stubs were recorded by means of 25 chrorel-alume. thermocouples connected
to a bank of 25 pyrometers A slow speed camere, takirg pictues at a rate of one Irame every
3 geconds, vas used to record the pyrrmeter readings  The therrocouple locations used 1n the
tests are shown in figure 27

Tests were conducted ir which copper tubing, carrying flows of gasclire, was suhjected
to accessom) sectior gasoline “ires

“cpper and stainless steel were used 1n _abricat.ng extinglashirg s;stems, but, in a few
tests, heavy walled aluminum flttings were 1ncorporated _r the aystems for test purposes

In gereral, tre efTects of fire were notec cn all thre materials and eguinment described
as #=1l as on blast tubes, alumimum allo] trac<ets, clips, straps and intake ducts

Results and D.scusgion

The standard Wace YKS5-37 engire rownt supported the ergine throughout the 812 fire tests
conducted At the end of tne test program tne mount was 1n wvery poor condition becmuse of con-
timued exposurse to flapes and the corrosive effects of the extinguishing agents tested  The
rubher engine moa t bush.ngs, whici were protected from flame contact, were harg and brittle but
stherwise .ntact Obviously, shock units, desiegned te support an englne after destr.ction of
the rubber components, would 2e advantageous

Flgare 27 shows the naxamum temzeratires recordec on tre sk_n, cowling, and firewall in
a series of 30 fires at varicus locat_ons The maxymm temperatures shown are not those reactec
durinz any one fire but are the maxarum teaperatures attained at sach trermccouple locztior during
the 30 fires



Cortinucus tecperatures were recordec durung many fire tests ard, in geweral, tho re.ulis
of tenperature sirve,s of the Waco installation are no’ materially different from thess of te
TS-3 irstallation The hottest areas are the diaparagm, the firewall, and the fuselage slan im-
mediatel, beh.nd tae firewall The leading edge of tre .owor wing remained cool, but the
temperatures _rereased toward the trailing edge The upper part of the fuselage, abome the lower
edge of the sindsbield, and the upper wing were 10t affected by ary of the test Tires However,
the sides and bottom of the fuselage were sunjected to considerable fire  Many of the fires ex—
tended past the tail of the fuselage

In revisiag the Waco airplane for the tire tests, tme fuselagss wms covered to witin b
feet of the tail wftn s*ainless steel sheet (see Tigpure 2) The fabtric coveraing was l=ft on the
rear of tte Iuselage as 1t was belleved that the relatively small flres which migcht ceccur in tne
Waco powerp.art i1nstallatior would not extend s¢ far aft  dowever, th= second i_re tested,
burning o1l applied at a rate of 2 gallons per minute, destrosed this fabric tccord_ngly,
preli wrar, investiga*tions were begln in which panels of fabric and dope were covered with solu-
tions of caleorinated rabbtar, installed in the belly of tae fuselage, and sutjected to typleal
powerplant fires This ceoatlng proved to have considerable resista+wce to fire and rmde necessar,
a more <horcugh investaigatior, which 1s Iin progress  HResults of trese tasts will “e piblished .n
a separate report

Tests were conducted om nor-metallic firewsll materials as degeribed 1in a separate noted

Tie aluminun alley W & C & ring cowl remained intact at the end of the test program  As
in tne case of the DC-3 fire tests, aluminum alloy proved sufficlently fire-resistart for use in
guc1 ring cowls  After tae firat dozen fire ftests 1t wes found necessar, to reinforce the trail-
1ing edze of the Waco ring cowl wita O OlZ-inch stainless steel gneet However, no one fire
damaged the zowl erolgh to warrant a change of material

The C 049-inch alumnar zlle, d.achragn (accessory section cowl) was installed during
several power sectlcn flres as suca fires proved most camsging to this cowl This corling on
the Waco was not damaged to tie extent tnat thc DG-3 accessory section cowling sas dameged under
comparable “ire condit.ons This was prorably due to the “act that t+e Tire which co.id aclaally
burn within the accessor, seciion was sc¢ small Ir saca of these fires severa_ square inches of
cowling were destroyed, but this was nct enoush to seriois.; alffect the extingiishins problem
However, stalnless steel sheet appe4rs advantagsous for fabr cating such cowl ssctlons

Te firews1l used throughcut the test program was fabrleated of O 050-inch black iron
hecguse of the itrregular firewall stape and “te necessit, for working the firewall mater al by
hand hithovzn stainless steel sheet 1s comsidered tae best fivewnl raterial, tre hlac! ircn
used :n the tests provec adequate

A3 discussed 1in the repcrt of tests on the DC-2 t,pe enegive instaliatlon, materials such
as steel or copper should be uwsed in all tubing forward of the firewsll The onl; exceptiion 1s
in the case of tubirg carrying 2 flov of o1l, in which srstance alummum alley 15 edequate In
the tests, copper fuel lines were exposed %o ccoesscry section easoline fires for pericds 11 ex-
ceas of 1 mnute A& _though vapor lock cccurrel vathin 10 secends of ta2 flre starts, there was
no instance in wvaich the coprer tubing failec

In a few instances heavs walled aluminum allo, f.ttings were used in fire extirzuashing
systems When sahjected %o fire, sucn [Lttings were so wea-ened tnat the; were destroged waen
extinguish ng agent (under preasure) yas released

Standard AL (necprexe) aose connections oroved canable of withstandine nuamercus fires of
30 seconda duration

The 01l ceooler of tris _=meta.lation was so located as to preclude the entrance of eny
appreciable quantities of burnirg “lwds or fire and therefore required no prolecticn  The o1l
cocler, lozated as shown 1n figures 4 and 5, was housed 1n a small tunnel between cy_inders #6
and #7 anl the turrnel inlet was sufficientl, forward of the cjlinders to maintain = reasonaile
gaantity of cooilrg air throuagn the coocler at all times A butterfly wvalve, loceted in tqe
tunnel zhead of the cooler i1 the origiral irstallat.on, was removed teo assure tnis “low of
cooling air

Aluminum ailoy ducts, carryirg air into the carbaretor air heater, were damaged early in
the tests and the air heating arra-gemeqt was rlugged during a mejorit, of the tests dowever,
tests were conducte? with the damaced .mlets i1nstalled as described later in th_s report

LH I Hansherr,, "Fire Resistance Cnaracter.stic. of Asbestos Base Fhenolie Topregnated
Ma*eprials for use 1n fircraft Tirewalls,® CA! Technical De elopnent Wote No 27, Jaruary, 1943



Observationg mace during all tae tests ird cated taat ro cowerp_ant Jire would impirege
on the tires or wheels of aircraft of this type However, the landing gear struts would be sur—
rourded by such fires

Corclusiong
1 Tae wintegrit)y of comertion-l welded tube fuselege structires 1s not ser._oasl,

jeopardized within several minutes of the start of engine fires  However, aircralt coversd with
dopad fabric can hecome unairworth,; w_thin a few seconds ¢f the start of sach fires

2  The alumnum 3llo, accessor; section cowling (dizpnragr) of the test irs*al_at_on
¥as not suffic ently damaged 1n any one ”.re to recessriate a ciange of raterial

3  Flame tonperatures within the accessor; section reacied —alies of approximatel.
2000°T  However, the swall volume of tie secticn and the alr stret.ficatlon present preverted
fires in this installatior frem being 25 severe as those encourtered in tne DO-3 and 2W-20 in-
atallatiors

4 The con entional welded steel tube engine mount, which vas an integral part of the
fuselage structare, successfully withstood 148 fires of 30 seconds or more duratior

5  The fiievall, 0 G5C-1nch black iror, was undamagec b, the farst 400 fires  However,
the high tempe—-atures, in adiit_on to the corres_ve e’fects of tne extimguisharg agerts, .ed to
gradual deterioratior and eventually tc destruction cf the firewml.

& Copper, or aaterial of greater fire resistance, snoula be ased ir all tut.ng systems
forward of the f_rewsnll, with the exception of tubes carrjing flows of o1l  Suct tubes can be
aluminum alloy

7 Neoprene hose connect.ons withstoow man,; "_res in ihe tests and in no irstance wers
such hoses seriousl, damaged by any one fire

3 The o11 ccoler arrargement ir the tes* installation was sc located as to precliude
entrance of f_re or burning ligulds and did not reouire an, special fire protection

G  In the tpe o° 1natallation teoted, the _anding grar tires =wculd rot be sabjected to
poverplant f_res, but landing gear struts anc ouprorts coi_d e en sloced by flame

10 The zluminum 21lloy, H & C & ring cowl was not seriously damapgea by fires

IGVITICN

Furpese
Tne purposes of the 1gniticn tests vere to study the causes of gesol.re and o1l 1gnit_on

.1 an aircra’t powerplant ‘nsta’lat_on ir flight and to determ re rethods whereby 1.sse hazarda
might be recuced

Frocecure
A majority of the data on ignabion was ootained daring tests of extinguishe-s, detectors,

and materials

Earls in the extirm.isn ng 1icsts 1t wes obser ed trat the aluwmanum alle, ecld air irlet
dacts to t1e carburetor azir hestire s sten o12wy 11 2 gure o were lamagea by the test fires
It was believed “hat "aiiure of thesc Jucts sould arlew o1l apora to enter tae corfined Fagh
temperatire regions of the sysler and that "“lashbac" er reien.iicn might cccur  In order to
orevent complization of the extinpulanirg tests D, suci reigniuion, the cold air inlet ducts
were re wved and Tae remainder of the sjstem plugeed At the "egiaiming of the 1enition tests,
these plugs were removed and the sluminum allcy cole alr inlet dacts were replaced Tests vere
then condieted 1n wuach oll was 2 lowes to f_ow .n tie area of the nlets alfter fares at taat

locat_or had -een extinguisned

Cther ignition sources which became evident luring the extivguishing and detsctor test.
were dus to deterioraticn ani failure ol the exhw st sistem

toeerdenta_ sperk i1gnitaion of gagcline an? o1l was simulatec by sprayirg tnese liqu.ds
over elestric sovarrs (15,00C volts, 30 wlliarperss) delihorately produced

Results and T_scassion

Testa proved that reigmtion of power section o 1l fires could occur a3z a result of
darage 1o tre aluminur allo, cold a.r inlet ducts, snoam 171 T.sure o Howe er, tests elso
pro ed trat 25 long as *hose ducts rerzined inta-~t flashback #wnild not occur This was cue
ta t4e “act tha- the i1nleta to the cold air icts were well located on either s_de of #1
zyi1nder atead of tre cylander Th_s locaticn, a* the top o the engiqte and forward of the
gylinders, prevented tis entrance of anv acrrecia-le quantaties of o1l, 0.l vapor, or flane
Conversel,, when the ducts vere pisrced o, fuia e behand the ejlincers, suffic_ent cuant.ties
of o_1l vapor enterec the air teating s,stem to provade reigr.tioa after tne fire had been extin-



guighed Thils reignition cccurred i1n tests 1» whien ooth #10 SAE o1l snd diesel oll were burned
A9 appreciable quantities of gasollpe could not be released in tie power section of an mc*ual 11—
stallation, gasoline waa rot used in t1e flasaback tests Homever, tests on the I0-3 installation,
in which tne design allowed gasoline to erter the hot alr heat.ng s;stem in the v.cimiiy of the
accessor, section, provea that gasoline was not susceptible to tbe flashback type of reigmiticn
because of 1ts relatively narrow explosive range as compared 1o that of oil

The testa proved that the Waco carburetor air heating system was an excelisnt design with
the single excevtion of the eluminum alley cold air inlet ducts Substitution of steinless steel
ducta would provade tre orly necessar, change to preclude the flashback¥ possibility  Such a change
would be required with or without " A 2 4 cowl and inter-cylinder baffles

During the lgnition tests, the exhaust stack and flange parted from the exhaust port of
#2 cylinder, allowing a 1/8-inch gap Under thls condition, 01l fires with the source in the
vicimty of #2 cylinder could net bs extinguished while the eil continued to flow  Cil (#10 SAE
or diesel} or sasolire can be 1gnited easily by this exhaust flams

Deterioration of the exnaust manifald alsc provec to be a gource of 1gnmition 23 >ndicated
in several tests in whlca englne exhaast, escaping through small holes _n the manifold, prevented
extinguishment of power sectiom o1l fires mth the 01l flowmrg durirg extinguishment

The exhaus’ staclk owtlets, located as shown in figurss 4 ard 5, di1d not prove a source of
1gnilion as loag as the oatlets were outside the N A C A cowl At the beginmng of the tests,
these outleta projected about one-rz1f iner ouiside the cosl amd no troables were experienced ILate
in the tests, however, whe N A C A covi sageed suff.ciently to a_lor the cowl to drop beiow the ex—
haust stzck oatlets This re.ultel i1r the outlets teconing sources of o1l lgn.tior and reagniticn

Both #1C 3AF o1l and diesel o1l were tested _t tre pover section 1graition tests  Cf tre
two o1ls, the diesel o1l appeared more dangercus as far as ease of _pn-tion was concerned  The
volatalat, o tne diesel o1. also mace pcssible 1ts 1gnition by an electric spark operaiing on
15,000 volts and 30 mlliamperes, artificially produced

In all instancesa, stoospaze of the engine and the flows of fuel and o1l before sxtinguish-
ment 15 attempted would eliminate soarces of fire reignition

Conclusions

1 The most damgerocus sources of o1l i1gnition i1n an a.rcraft powerplant inatallation are
stagnant 1olumes of air and o1l wapora at high temperatures

2 In the tests gasoline wag eas.ly spark-igmited, diesel oll could be 1gnited by apar~-,
but 01l coald rot be spark-Ignited

3 Ignition hazards can 22 reduced by locating carbureter alr neating systems and car-
buretors high in the pomerplant installaticn, mak.ng the gysters lealproof, using proper fire-—
resistart materials, end sv locatlns air irlets that ilame or 1nflammsble fluids or wapors carnot
enter the sjyatems

4  Stopring of taez engine and the flowg of fuel ard oil before attempt_ng extinzuis-ament
of fire chviously; recuced the peoasibility of fire reignition

5 Crecks, holes, or other oovenings 1n exhaust syatems are davngerous ignition sourcea,
part.calarl, vhen they occar 1r stegnant solumes of air and o.l vapor

Table VII

FIR. TEST STATISTICS

INUNBER OF T=ESTS CCNDUCTED QUAITTT LS CF AGENTS USED
“IRE RATE TOTAL
T=ESTE TESTE TESTS TTRES RATE Ta3STS TOTAL TESTS
Carbon Dioxade 212 108 320 1192 1bos 321 1bs 1573 1bs
B
FiE | Carbon Tetrachloride 359 325 [#1:7A 560 ghs 240 gta 80C gts
(=2l
“ | Vetnyl Bromide 77 - o 120 gts 120 qts
Total Yumber of Tests
¢n Extinguishing Agentd & 433 1081
Detector Fires 102 17 120
Ignition Fires 34 - 34
Materials Fires 27 - 21
TOTAL TESTS | 212 450 1202
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Figure 3. Test Set-Up



Figure 4. View of Accessory Section
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Figure 6 Carburetor Awr Intake System
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Figure 7 Three Installanon Types Tested



Figure 9. Typical 1.5 Gallons Per Minute Power Section Oil Fire



Figure 11. Typical 4.0 Gallons Per Minute Access




Figure 12.

ACCESSORY SECTION
AIR OUTLET OPENING
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Typical 4.0 Gallons Per Minute Accessory Section Gasoline Fire
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Figure 13. Comparison of DC-3 and Waco Cowl Attachments
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Figure 14 Power Secnon Distnbution System
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QUANTITY OF CARBON TETRACHLORIDE (INCC)
DISCHARGED FROM ONE NOQZZLE
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Figure 17 Necessary Minimum Rate of Carbon Tetrachloride Discharge
for Extinguishing Fires in Power Section Shown 1o Figure 7A
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Figure 18 Necessary Mimmum Rate of Methyl Bromide Discharge for
Extinguishing Fires in Power Section Shown 1n Figure 7A
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Figure 20 Necessary Minimum Rate of Methyl Bromide Dhischarge for
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Figure 25.

Basic Power Section Detector Fire
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CONTINUOUS DETECTOR UNIT DETECTORS

BOTH DETECTOR TYPES
SHOULD BE LOCATED IN
ALL AREAS OF AIR EGRESS
AND SHOULD BE MOUNTED
AWAY FROM SUPPORTING

SURFACES TO INSURE
FLAME CONTACT

FLAME DETECTOR
SPACING 8 INCHES

METAL EXPANSION DETECTOR
SPACING 6 INCHES

THREE UNIT DETECTORS

CONTINUOUS DETECTOR RING
EQUALLY SPACED

OFFSET TO COVER ACCESSORY

SECTION AIR OUTLET ONE ACRQSS AIR QUTLET

DETECTOR RING GOOD FOR POWER OPENING MOUNTED
ON FIREWALL

AND ACCESSORY SECTIONS

Figure 26 Optimum Detector Locations in the Type of Powerplant Installation Tested

FIREWALL

L H 1350° 100" LH

\Iw 750° 1450°

1380° 1850°
\ 2050°.

DIAPHRAM

850°

§

2150" 10807

Figure 27 Highest Temperatures (°F) Recorded on Fuselage Skin, Cowling,
and Firewall under Various Fire Conditions



