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DETERMINATION OF MEANS TO SAFEGUARD 
AIRCRAFT FROM POWER-PLANT FIRES IN FLIGHT 

PART V 

THE LOCKHEED CONSTITUTION (NAVY ~~60-1) 

SUMMARY 

A full-scale operatmg XR60-1 Navy 
Const,t”t,on comb,nat,on of a power plant, 
nacelle, and wmg was SubJected to fire tests 
under s,m”lated flight cond,t,ons F,ve 
separate ,nvest,gat,ons were conducted con- 
cermng (1) fire detection, (2) fire extm- 
gulshment. (3) crew procedure, (4) materials 
and design, and (5) lgn,t,on sources 

The detectIon tests ,nd,cated that the 
system w,th wh,ch the power plant was 
equ,pped at the t,me of dellvery, although not 
adequate. was relat,vely well deslgned when 
,t 1s consIdered that there was no prevmus 
fire testmg on power plants of th,s s,ze and 
confvguratmn prmr to the design The tests 
showed many ways ,n wh,ch the or,g,nal 
system could be improved and also showed 
that the “se of newly developed detectors 
could result ,n better and s,mpler detectmg 
systems 

The ext,ngu,shmg systems ,n all zones 
w,th the exceptmn of Zone 1 proved to be 
effect,ve A simple and effective system was 
developed for the power zone, and simpler 
systems were developed for some of the 
other zones of the XR60-1 The newer ones 
mvolved the “se of convent,onal as well as 
newly developed extmgulshmg agents 

The essent,al operatmns mvolved ,n 
qmckly shuttmg down an engme were deter- 
mmed in order that a s,mple crew procedure 
could be formulated far “se ,n t,me of 
emergency The procedure recommended in 
COnJUnCtlOT, with the sem,a”tomat,c eme~.. 
gency system w,th whlchthe test power plant 
was equipped was found to be very effect,ve 
and was used throughout the test program 

From the standpomt of materlals and 
des,gn. the test power plant was supermr to 
those of other ex,stmg a,rcraft Although 
many shortcomings concermng the “se of 
fire-reslstant mater,als and des,gn were 
revealed by the tests, the bas,c and ~mpor- 
tant components of the power plant and 
nacelle proved to be rugged and highly 
f,re-res,stant 

The power plant was not partwularly 
susceptxble to fire, but the tests showed that 
under certam air-flow condltmns the hot 
engme exhaust stacks were possible lgnltmn 
~0”~c.z~ and that backf,r,ng could start fires 
I* Zones 1 and 2 

In co-operatmn w,th the Department of 
the Navy and the Co =ne 11 AeronautIcal 
Laboratory, a short series of tests was con- 
ducted to determme the feas,b,l,ty of “s,ng 
cooled, dned exhaust gases to produce an 
Inert atmasphere ,n some of the alrcraft 
power-plant zones and thus prevent f,res 
from startmg III those zones 

INTRODUCTION 

The testmg of the XR60-1 power plant, 
as reported herem, 1s a cont,n”at,on of the 
fire s tudl e s of representative aIrcraft 
power-plant types made by the Techmcal 
Development and Eval”at,on Center of the 
C,v,l Aeronautics Adm,mstratlon The last 
prevmusly pubhshed report concerned with 
these studies was Techmcal Development 
Report No 107 ’ 

Th,s particular type of aIrcraft power 
plant v,yas selected far study because 

1 The nacelle was deslgned with a 
stam1ess steel monocoque accessory sectIon 

2 The ext,ngu,shmg system was des,gned 
for methyl brom,de and Included protectmn 
for the power sectmn, Zone l 

3 Th,s was one of the f,rst alrcraft 1x1 
wh,ch the problem of f,re was g,ven deta,led 
cons,deratlon durmg the design stage 

4 The power plant 1s representative of 
,nstallatlons ,nco+porat,ng the Pratt & 
Whitney R-4360 engme which ,s used in the 
Boemg 377 and the B-50, as well as 11, the 
Lockheed XR60-1 

Testmg was started III June 1948 and 
completed ,n May 1952 The test program 
,ncluded a study of the design and materials 
used xn th,s power plant, the evaluatmn of 
the or,g,nal f,re-detectmg system, the devel- 
opment of an improved f,re-detector system, 
the full-scale evaluations of several newly 
developed f,re detectors, the evaluatmn of 
the ar,g,nal f,re-eutmgmshmg system, the 
development of an,mprovedf,re-extlngu,sh,ng 

1 Lyle E Tarbell and H R Keeler, 
“Determmat,on of Means to Safeguard AI=- 
craft from Power-Plant F,res in Fl,ght, 
Part IV, The Boemg B-29,” CAA Techmcal 
Development Report No 107, Apr,l 1950 
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system, and st”d,es of proper crew 
procedure ln the event of f,re ,n fl,ght 

Supplementary programs were also 
conducted One such program was concerned 
w,th the control of landmg-gear f,res on the 
ground by the c ont,nued rotat,on of the 
propeller dmectlyahead ofa burnmg landmg- 
gear wheel unt,l outstde apparatps could be 
brought ,n to ert,ng”,sh the f,re The pur- 
pose of the second supplementary program 
was to make spec,f,c recommendat,ons for 
,mprovmg the f,re safety of the B-50 a,=- 
p1a.W The results were contamed ,n a 
report for l,m,ted d,str,but,on to the m,l,tary 
services A th,rd such program was con- 
ducted ,n collaborat,on w, th the Cornell 
Aerona”t,cal Laboratory, lnc , Buffalo, New 
York, to deterrmne the feas,b,l,ty of us,ng 
cooled, dr,ed eng,ne exhaust gases to render 
mei-t t e var,ous zones of a,rcraft power 
plants P 

TEST EQUIPMENT AND PROCEDURE 

The aIrcraft nacelle ,n wh,ch the f,re 
tests were performed was the or,gmal mock- 
up of the left outboard power plant for the 
Constlt”tlon XR60- 1 It was bu,lt and tested 
by the Lockheed AIrcraft Corporation, and 
later It was used for further tests ,n the 
alt,t”de wmd tunnel at the laboratory of 
the NatIonal Adv,sory Comrmttee for 
Aeronautics at Cleveland, Oh,o 

The eng,ne wyas a Pratt & Whltney 
28-cylrlder R-4360-P183 mod,fled from a 
-18 ser,es to a -22W and was capable of 
developmg 3000 horsepower (hp) at 2700 
revolutions per mmute (rpm) It was equ,pped 
w,th a Stromberg PR-lOOB3 1ILJKtlOIl carbu- 
retor and an eahaust-dr,venGeneralElectr,c 
Type BH3 turbosupercharger The propeller 
was a C”rt,ss Electr,c Type C644S-A24, 
havmg four blades cut off to a d,ameter of 
16 feet 6 mches Aft of the engme was a 
large accessory sectlon hav,ng a gross vol- 
ume of 190 cubic feet Wmg stubs extended 
on either s,de of the nacelle for a total span 
of 19 feet 

Many m,provements had been ,ncor- 
parated ,n the R-60 alrcraft power plants by 

2 Lyle E Tarbell and Burnett C Street. 
“Determmatmn of the A,r Speed Requmd to 
Control Landmg-Gear F,res.“CAATechn,cal 
Development Report No 100, December 1949 

3 H W Naulty, “The El,m,nat,on of 
A,rcraft Fuel Tank F,re Hazards (Nacelle 
Inertmg),” Cornell Aerona”t,cal Laboratory, 
In.2 ) Buffalo. N Y , Report No V-449-D-3, 
June 25, 1949 

the t,me the f,re testmg began The improve- 
ments belmved to have a bearmg on the f,re 
problem were made ,n the test art,cle 
Included among these was the ,nstallat,on of 
an a”xll,ary f,re wall located mdway between 
the dmphragm and the ma,n f,re wall It 
contamed a foldmg door wh,ch pernutted 
personnel access to the rear of the engme 
via a passageway through the w,ng The II,- 
stallatlon of this f,re walldlvlded the or,g,nal 
accessory sect,on ,nto two parts, Zones 2 
and 3 

The nacelle consisted of severalzones 
The power sectlon, Zone 1, extended from 
the propeller to the a,r-seal dmphragm JUt 

aft of the cowl flaps Zone 2 extended from 
the diaphragm to the aumllary f,re wall Its 
gross volume was approxmately a0 c”b,c 
feet, but because ,t contamed many acces- 
*011es, ,ts net volume was approxmate1y 
60 cub,c feet Zone 3 extended from the 
aua,l,ary fire wall to the ma,* one Its net 
volume was appromnately 48 cubic feet 
Zone 4. located beneath Zones 2 and 3, con- 
tamed a turbosupercharger and several 
ducts Its gross volume was approxmately 
62 cub,c feet 

The nacelle was mounted on structural 
members at the ends of the wmg stubs so 
that Its center lme co,nclded w,th that of the 
wmd tunnel and alr from the w,nd tunnel 
promded s,mulated fl,ght cond,tlons A v,ew 
of the mstallatlon mthe wmd tunnel ,s shown 
II, F,g 1 

All f,re procedures for the tests 
depended on the operatmg cond,t,ons wh,ch 
were to be sxnulated. such as taxmg, fl,ght 
w,th emergency a&Ion, and fl,ght w,tho”t 
emergency act,on start,ng operat,on was 
srnulated by open,ng the cowl flaps w,de and 
runnmg the engme at 1450 rpm w,th no air 
suppl,ed by the w,nd tunnel Addmg a small 
flow of air from the tunnel changed the start- 
mg operat,on to srnulated tax,lng Dur,ng 
srnulated fl,ght the tunnel was operated at 
higher air speeds, and the cowl flaps were 
ma,nta,ned ,n nearly closed poslt,on wh,le 
the engme was operated at 1800 rpm or 
higher at 150 brake mean effect,ve pressure 
(bmep) to produce 1480 brake horsepower 
(bhp) or more Usually,when eat,ngu,shment 
of f,res was to be attempted, emergency 
crew act,on was ,n,t,ated This xwolved 
stopping the eng,ne,featherx,g the propeller, 
t”rn,ng o f f flammable-flu,d v a 1 v e s, and 
open,ng the cowl flaps In some tests, the 
emergency actlon was not ,n,tlated in order 
to determine the relat,ve ,mportance of the 
act,on in extmgulshlng f,res 

F,res were repeated at var,o”s po,nts 
of ongr, to ascertaIn that the fire-detect,ng 
and ext,ngulsh,ng systems were adequate to 
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cope with any emergency likely to occur 
The systems were constantly rev,sed to 
obtam a maxvnum of effectiveness Only by 
studymg a large number of fmes under a 
wide variety of condltlons could dependable 
answers be obtamed. with so many varmbles 
present 

To establish the locatmn of detector 
systems or other equipment m Zone 1, a 
reference lme for rad,al or long~tudmal 
measurements was adopted, namely. the 
outsIde forward edge of the cowl support rmg 
Cxcumferentlal locatmns were designated 
by cowl-flap numbers or by cyhnder num- 
bers The cowl flaps were numbered from 
one to eight startmg at the lower left s1d.e of 
the nacelle (viewed from the rear) and con- 
txmmg ,n order over the top of the nacelle 
to the lower right side The cylmders were 
designated by numbered rows ,n a clockwise 
dlrectlon and by lettered banks from rear to 
front Cylmder 1A ,s at the top rear of the 
engme The rows of cylmders are not In a 
straght hne, they twxtm a clockwise chrec- 
tlon from back to front. Tins characterlstlc 
,s ewdent in any of the lllustratlons showing 
the bare engine 

DETECTORS 

Purpose 
The three man obJectIves of the hre- 

detector program were (1) to evaluate the 
detector system Installed ,n the test ,nstal- 
latlon, (2) to find the optxnurn locations for 
fire detectors, and (3) to test new types of 
fire detectors under full-scale condltlons 

Test Procedure 
Before any fire tests were conducted 

in the nacelle, a temperature survey was 
made of all zones to deterrmne the normal 
ambwnt temperatures and the rna~xnurn 
ones to be expected from engine operation 
alone Such ,nformatlon ,s useful both as 
data for the design of fire detectors and as a 
guide for presetting certain types of fxed 
temperature detectors 

A later survey was conducted using 
small fires to trace the path of flames from 
the pmnt of orlgln ,n a zone to the pant of 
cat from It Thermocouples, arranged ,n 
gr,dllke patterns, were placed ,n the regrons 
through which the flames appeared to pass 
Study of the temperatures onthe grid pattern 
revealed where f,re was concentrated and 
x&cated optxnum detector locations 

The test nacelle (as received) zncor- 
porated a Thomas A Edison, Incorporated, 
‘Wpe A fire-detector system which was e.1rnl- 
lar to that used ,n the R-60 arcraft The 
system was evaluated xrrned~ately so that 

Fig 1 The XR60-1 Constltutlon Test Nacelle 

the test results rmght be used toxnprove the 
R-60 axcraft After first conslderatlon had 
been given to the evaluation of the orvglnal 
E&son system, newly developed detectors 
were evaluated and optrnum locatIons for 
each new system were deternnned 

Test fxes were started ,n the nacelle 
by ,gmt,ng gasol,ne or oil p,ped to any 
selected pmnt through flexible lines As the 
fire fuels left the ends ofthe hnes, they were 
,gmted by a spark-plug lgn,tor Solenoid 
valves located near the ends of the fluid lines 
provided pos1tl.x control of the flwd flow 

Small gasohne f,res, called standard 
detector fxes, were used ,n Zone 1 These 
were not large enough to be ,mmedlately 
damaging, but they were large enough so that 
they should have been detected promptly 
The size of these fires was arbltrarlly estab- 
hshed by burmng lOO-octane gasoline &s- 
charged at a rate of 0 28 gallons per nnnute 
(gpm Hydraulic fluid was burned at rates 
of 1 4 to l/2 

) 7 
pm. and ml was burned at 

rates of 2 to 4 1 2 gpm To fac,lltate ,gmtlon, 
a small gasoline fire usually was ,gmted 
first. then either gasolxvz, hydrauhc fluld, 
or ml was introduced In the quantity desired 
CM for test fires was preheated to 
approlclmately 200’ F 

In preparation for fire tests, the de- 
tectors were arranged ,n the nacelle ,n 
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Fig 2 View of Inner and Outer Systems of 
Edison units 

accordance with observed data on flame 
paths Then standard fires were started at 
selected locatIons wlthm the zones where 
detectors were located Durmg each test, 
every Important occurrence was recorded 
the actlvatlon of the Igrutor, the release of 
the gasolme. and the detectlon of the fire by 
each system of fire detectors At the con- 
cluslon, a complete record was available 
showmg both the sequence In which the 
operations occurred and the 1 r duratmn 
Records of the maxxnurn temperature and 
rates of temperature rxe at selected pomts 
were used m mterpretmg the results 

Detectors Tested 
The Edison Type A aircraft fire- 

detectlon system consists es s entlally of 
thermocouples connected m series and a 
relay-panel umt Each thermocouple com- 
pr,ses a pair of dlsslrmlar metal wires with 
the external ends twsted and welded together 
toform the hot Junction and the Internal ends 
the cold Junction confined wlthm a hollow 
plastic, steel-covered base At the cold 
Junction the wires ofthe element are attached 
to terminal screws which extend outslde the 
base for the purpose of makmg electrIca 
connectmns The relay-panel unit contams 

the sensltlve relays. thermal test units, 
resistors, and slave relays required to 
transform the tmy electrIca current gener- 
ated by a ruse m temperature at a detector 
unit (or “ruts) Into a warnmg signal The 
system operates only when subJected to an 
abnormal rate of rl.se of temperature Fig 2 
shows Edison umts mounted around the 
engme for one series of tests 

The Fe nw a 1 fire-detectmg system, 
manufactured by Fenwal Incorporated. 1s 
composed of mdlvldual detectmg units con- 
nected m parallel The power supply and 
the alarm hght, or warrung device, are con- 
nected m series The detectlag “rut consists 
of a stanless steel tube wxth closed ends In- 
side of which two metal struts with a low 
expansion coeffiaent are bowed apart by 
compresslo* Each strut carries a sliver 
contact. but one of the contacts 1s insulated 
from Its strut and IS connected by means of 
msulated wire to the ternnnal Where the 
wire passes through the sealmg head, a 
hermetic seal 1s made The other contact 1s 
grounded through Its strut and through the 
outer shell and mountmg flange 

A rze m temperature causes the outer 
shell to expand and to reduce the compres- 
slon on the metal struts allowmg the contacts 
to meet when the preset temperature 1s 
reached Two types of Fenwal detectors, 
both of which are shown In Fig 3, were used 
In the tests lhese were the Model 17343-61 
which IS currently used as a fire detector 
and the Model 17343-16 which was deslgned 
to be used as an overheat detector For the 
tests, all of the former units were preset at 
the factory to alarm at 450” F and all of the 
latter type which mcorporate an adJustable 
feature were preset m the laboratory to 
alarm at 425” F 

The Dlttmann hre-detectmg system, 
Fig 4, 1s a heat-actuated, contmuous type of 
system based on a llquld and vapor expansxon 
prmclple It consists of a llqmd-hlled tube 
of any reasonable predetermmed length and 
a control box contammg compensators, bel- 
lows, accumulator, and switches The tube 
tested was 20 feet long, but tube lengths can 
be varied When exposed to hlghtemperatures 
or when the test button 1s actuated the llquld 
m the element vaporizes rapldly. expands, 
and actuates the fire alarm slgnal When the 
temperature 1s reduced or when the test 
button 1s released, the fluld returns to Its 
llquld state and the device automatically 
resets Itself The normal operatmg voltage 
IS 28 volts direct current (d-c), although any 
voltage wlthm the switch ratmg may be used 

Another type of heat-actuated. contmu- 
ous. resettrng fire detector (Fig 5) 1s man”- 
factured by the Walter Kldde & Company, Inc 



Fig 3 View of Fenwal 17343-16 and 17343-61 Types Mounted on the XR60-1 for Tests 

Fig 4 The DlttmannContmuous fire Detector 

A complete fire-detectmg system of this type 
for an average lnstallatlon consists of one 
or more detectmg elements and an electronic 
control umt, a slgnal lamp, and a test switch 
The sensmg element consxts of a pa~r of 
wires separated and surrounded by a ceramic 
insulator, which III turn 1s encased ,n a thm- 
walled Inconel tube of 0 065-Inch outslde 
diameter (OD) The Insulator, which 1s 

physically and chemically bonded to the 
vnres, 1.s 1x1 the form of tmy beads which 
permit bendmg of the tube When the sensmg 
element 1s subjected to normal tempera- 
tures, the msulator offers h,gh resistance to 
the flow of current between the two conduc- 
tors As the temperature increases, the 
resistance of the msulator drops rapIdly and 
permits a flow of current between the two 
wires This flow increases with a rise of 
temperature. and the alarms are actuated 
when a predetermmed temperature 1s at- 
tamed When the temperature returns to 
normal. the resistance of the Insulator 1s 
restored and the alarms automatically shut 
off The sensmg element comes 1x1 lengths 
up to 20 feet, however, coupled elements can 
be used III con,unctmn with each control unit 
III lengths up to 100 feet 

The power requred to operate the de- 
tector 1s 115 volts, 400 cycles per second 
(cps), smgle-phase alternatmg current (a-c) 
Normal operatmg consumptmn 1s approx- 
mately 8 watts, but durmg a fire alarm the 
c0nsumpt10n In c r e a 5 e s to approximately 
30 watts 
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Fzg 5 The Kldde Conttlnuous Fire Detector 

The test switch consists of a smgle- 
pole, smgle-throw (SPST) switch. normally 
open with sprmg return When the switch 1s 
operated, It makes an electrlcal connectIon 
between the two conductors at their extreme 
ends thus testing the entlre detector system 

The ATM0 fire detector, Fig 6. 1s a 
product of J H Scharff, Incorporated It 1s 
a contmuous, heat-actuated, resettmg detec- 
tor whxch operates on a different prmclple 
than the Kldde or the Dlttmanndetectors 
The detectmg element consists of a length of 

Fig 6 The ATM0 Fire Detector 

Inconel tubing filled with air at atmospheric 
pressure Both ends of the tubmg are con- 
nected to a receiver When heat 1s applied to 
the tubmg. the air In the tube expands through 
the compensator, breathers, and dzaphragms 
A moderate rate of expansmn 1s absorbed, 
but excesslYe rates of evpanslon are used to 
close two contact pomts and complete an 
electrIca clrcult When the sensmg element 
E cooled, the air m the tube returns to 
normal pressure and the device resets 

The Adams detector, F,g 7. deslgned 
and fabricated In a llmlted quantity by 
Mr Charles J Adams 15, m effect, a com- 
blnatmn umt and contmuous type detector 
This detector consists of a small metal case 
with two tubes projectmg from opposite 
sides The case 1s 1 3/4 Inches m diameter 
and 518 Inch deep The tubes are 2 feet long 
and 3/32 Inch m diameter Each of the tubes 
contams a sohd metal rod havmg a coefficient 
of heat expansion less than that of the tube 
The rods are attached to the outer ends of the 
tubes and extend through the tubes Into the 

Fig 7 The Adams Fire Detector 
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Fig 8 The FD-2 Flreye Detector System 

case Inslde the case, the two rod ends are 
attached to the periphery of a disc at pants 
lEOdegrees apart, so that equal-and-opposite 
movement of the rods produces rotatmnabout 
the center of the disc, while unequal move- 
ment displaces the disc laterally Lateral 
displacement depresses a metal ball located 
at the center of the disc A predetermmed 
amount of depressmn causes a contact to 
close and complete an electrIca clrcut 

Equal heatmg of each tube produces 
equal expansmn and causes the disc to rotate 
wlthout effect Unequal heatmg of the tubes 
produces unequal expansion, and If the dlf- 
ferentlal 1s sufflclent, the resultmg actlon of 
the disc and ball closes an electrical clrcut 
and energlees a warnmg sIgna To assure 
complete coverage of a hazardous space the 
prescrIbedmethod of mstallatlonls tooverlap 
the tubes of adlacent units 

The FIreye arcraft fire-detector sys- 
tem, Fig 8, 1s a development of PhotoswItch 
Incorporated, now known as fireye Corpora- 
tlon An early model of this detector, known 
as 5pe P, used a ceslum phototube enclosed 
m a cadmium-plated steel shell as the de- 
tectmg umt A wmdow m the shell allowed 
hght to enter and lmpmge on the phototube 
after bemg flltered through Infrared trans- 
mlttmg glass morder todlscrlmmate agamst 
dayhght While the umt was only moderately 
affected by dayllght, It could not tolerate 
direct sunllght As a result, units had to be 
mstalled In alrcraft In such a manner that 
sunhght or other strong light could not shme 
directly on them 

Some Improvements are mcorporated 
m the later Model FD-2 which 1s deslgned 
to operate on a different prmclple than Its 
predecessor Instead of bemg sensltlve to 
steady hght, It 1s sensltlve only to the flicker 
Inherent In a flame, which 1s modulated light 
of low frequency 

The detector of the FD-2 system IS 
essentially alead sulfide layer type of photo- 
electric cell sensltlve to both the mfrared 
and vlslble range of the light spectrum An 
electrIca signal generated m the cell 1s 
amphfled by an ampllfxr whose peak re- 
sponse 1s at approxrnately 10 cps The 
output of the amphfler 1s fed Into a hmlter 
clrcut which hmlts strong signals to a value 
that 1s comparable to the voltage from a 
weak one 

A d~scnmmator clrcut operates from 
a series of pulses which must be fed mto It 
at a rate correspondmg to the fllckermg 
frequency of a flame in order to operate the 
ampllfler which m turn operates the fire 
sIgna 

The system Incorporates a test switch 
to provide p r op e r ly modulated electrical 
impulses to the test lamps m each Flreye 
umt, thus makmg It possible to check the 
entlre system operation at any time 

Accordmg to the design speclficatlons. 
the umt 1s slutable for operatmg m amblent 
temperatures up to 220’ F Temperatures 
In excess of this resulted In reduced sense- 
tlvlty of the nmt and made It difficult to 
obtam operatIona checks of the system by 
means ofthe test switch Although the design 
speclflcatmns hmlt the voltage varlatmn 
for successful operatmn to 110 to 120 volts. 
It was capable of operatmg between 100 and 
130 volts 

Test Results and DIscussron 
A temperature survey was made prior 

to the mltlatlon of detector tests while the 
engme was operated at 1200 bhp at 1450 rpm, 
150 bmep and while the wmd tunnel supphed 
air to the mstallatlon at 90 miles per hour 
(mph) The slgnlflcant temperatures and the 
rates of temperature rise measured on an 
87” F day are given m Table I Durmg the 
permd when the engme was bemg warmed up, 
the temperatures Increased at a moderate 
rate at all pmnts where detectors would be 
mounted 

After operatmg condltlons had reached 
a steady state, they were changed by the use 
of the propeller to simulate stoppmg and 
backmg of the alrplane These condltmns 
were produced by reversmg the engme pro- 
peller and simultaneously stoppmg the ax 
blast from the tunnel The temperature rose 



TABLE I 

MAXIMUM TEMPERATURES AND RATES OF TEMPERATURE RISE 
IN XR60- 1 POWER PLANT 

Simulated Ground Maneuvers with Amblent Air Temperature 07’ F 

Region Maximum Temperature Maxmum Rate of Temperature Rise 

Simulated Taxllng Propeller Reversal Reverse Forward 
(degrees F) (degrees F) (degrees F (degrees F 

per mmute) per mmute) 

Lower left 
cowl flap 225 250 750 

TOP 
cowl flaps 190 280 450 1100 

Lower right 
cowl flap 240 250 975 

Zone 2 155 190 

Zone 3 145 145 

at a rate of 450” F per minute near the top 
cowl flaps and contmued at this rate for eight 
seconds Changmg the propeller from re- 
verse to posltlve thrust (forward) caused the 
temperature to rise agam at a rate of 1100 
degrees per mmutefor at least five seconds 
These rates and duratmns of temperature 
rise did not cause the Edison system to 
alarm 

The temperature survey was followed 
by tests of the Edison system A wlrmg 
diagram of the orlgmal system 1s shown ln 
Fig 9 It was dlvlded Into three parts one 
was used evcluslvely for the pratectlon of 
Zones 2 and 3, and each of the others was 
used for the protectlon of one-half of Zone 1 
and one-half of Zone 4 The units located 
around the exhaust collector were attached 
to the cowl support rmg One hundred nmety- 
seven fxes were started at eight dlfferent 
places around the engme while flight and 
ground operatmg condltlons were simulated 
Most of the fires were detected durmg no=- 
ma1 flight condltlons Very few were detected 
when the flaps were wide open, a candltmn 
which might occur m ground operatmns 
Fire detectIon Improved as the cowl-flap 
openmg decreased 

The poorest detectmn occurred when 
fires orlglnated near the rear row of cylm- 
ders on the left side of the engme This may 
have been due to the fact that the ax flow 
carried the flames close to the crankcase as 
they passed under the cowl support rmg or 

to the fact that the flames passed between 
detector units which were spat ed eight 
Inches apart Closer spacmg ofthe detectors 
around the engme might have xnproved the 
detectIon of cylmder-head fires 

Crankcase fires were more dlfflcult to 
detect than cylmder-head fires Fig 10 
shows that the cylmder-head fires pass very 
close to the cowl support rmg where the 
Edison detectors were attached, but crank- 
case fires tend to stay close to the engme 
crankcase until the cowl support rmg 1s 
passed It was obvious In these and later 
tests that the cowl support rmg was not the 
optimum detector location 

Fires which started under the middle 
or forward part of the engme were sensed 
by the detectors located on the cowl support 
rmg rather than by those mounted on the 
lower part of the diaphragm This fact 1s 
attnbuted to the configuration of this par- 
tlcular power plant which has cowl flaps 
extendmg around the upper portmn of the 
nacelle only Because fires cannot escape 
from the bottom of the nacelle. they emerge 
through the exlstmg cowl-flap openmgs 

After further study of the fire paths 
through the zone, an attempt was made to 
Improve detectIon by modlflcatlons and addl- 
tmns to the orlgmal system Two systems 
of Edison units were mstalled one was 
composed of 16 units mounted on the cowl 
support rmg In a slmllar manner to the 
orIgIna system except that the units were 
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about 1 l/2 Inches closer to the engme, the 
other was composed of 14 umts attached to 
the engme-mount shields, one on each side 
of each exhaust stack The latter system 
was located radmlly mward about eleven 
Inches and aft about SIX Inches from the ref- 
erence lme estabhshed for the locatlon of 
test equipment The outer system was m- 
tended to Intercept cyhnder-head fres, and 
the ,nner one was Intended to Intercept 
crankcase fires A few of the umts of each 
system can be seen in Fig 2 Eighty-one 
tests were conducted with this conflguratmn 
of Ed,son units The fires which ongmated 
on the crankcase or near the forward three 

rows of cylmders were detected satlsfac- 
torlly by either the inner or outer systems 
However, It was found that fires orlglnatmg 
at the rear row of cylmders could escape 
detectmn, presumably by passmg between 
the ,nner and outer systems Thx led to 
studies of a more sutable detector locatmn 
in the cowl-flap area 

A detector system mounted on the a,=- 
seal dlapKragm radially outward from, but 
concentrIc wth, the exhaust collector rmg 
was subJected to 16 fire tests These tests 
revealed that the flow of air through the na- 
celle forces the flames orlgmatmg anywhere 
II, the power sectionto move toward the rear 
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Fig 11 SectIonal View Through Cowl-Flap 
Regmn Showmg Relative Locatmns 
of Detector Systems SubJected to 
Tests 

of the engme and out of the cowl-flap open- 
mgs Smce the cowl flaps are open only 
slightly In normal flight, the flames are con- 
straned to travel to the diaphragm before 
they can escape However, when the cowl 
flaps are open wider than normal, and espe- 
c~ally durmg take-off or taxung operatmns. 
engme fires may not proceed as far as the 
dlaphragmand therefore maynotbe detected 
The region close to the diaphragm was not 
consIdered to be a sultable locatIon for 
detectors 

The area of best detection under all 
condltlons appeared to he m the cowl-flap 
area somewhere between the cowl support 
rmg and the diaphragm The relative posl- 
tlons of these two regmns and others which 
were tested are lndlcated m Fig 11 The 
three posItIons designated as D, E, and F 
were tested simultaneously The detector 
located at E detected 81 of 84 fires m this 
series, and the three failures occurred under 
the xnprobable condltmn of flight with the 
cowl flaps wide open With them open 50 per 
cent or less, the detector successfully de- 
tected all fires PosItIon E was therefore 
consldered to be the best posltlon PosItIon 
F was next best, and posItIon D the least 
desirable 

Although the optrnum locatlon for a 
heat-actuated detector system IS at posltmn 
E, the scarclty of supportmg structure In 
this area makes the mountmg of detectors 
dlffuzult The braces between the cowl flaps 
are 15 Inches apart and nught not provide 
adequate support Another serxs of tests 
was performed to determme whether another 
region, more conveniently located for mount- 
mg but equally effective for detectmg fires, 
could be found The only loglcal untested 
place remalmng was near the tie rods which 
connect the cowl support rmg with the dla- 
phragm A detector system was attached to 
these tie rods at posltmnG and was compared 
to the detector system located at posltmn E 
durmg 52 fire tests 

The detector system at E was shghtly 
quxker at detectmg fires than the one at G 
On the basis of this, If there appeared to be 
any advantage In using the tuz rods as the 
mountmg structure, the detector could be 
Installed at posItIon G However, the best 
posltlon was at E and 1s the one mdlcated m 
Fig 12 

A study of that part of the Edison sys- 
tem Intended for the protectmn of Zone 4 
where the turbosupercharger and heat ex- 
changer were located revealed the need for 
rearrangement of the detectmg units The 
unxts were mounted so close to the shrouds 
and the bulkhead that they falled to Intercept 
the flames of the fires occurrmg wlthrn the 
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Fig 12 Sectmnal View Through Cowl-Flap 
Regmn Showmg Best Detector 
LocatIon Deterrmned as a Result of 
the Tests 

region The umts on the bulkhead also falled 
to detect the leakage of hot exhaust gases 
during engine operatmn when a separatmn 
was made between two sectlons of stack near 
the bulkhead 

The efflclency of the system was 
g I e at 1 y Improved by replacmg the three 
umts along the bottom of the bulkhead shown 
in Fig 13 wxth four units mounted m the 
rearmost louver opemngs on the bottom of 
the nacelle The locatlon of these umts 1s 
mdlcated In Fig 14 Fires emerging from 
Zone 4 through the louvers are Intercepted 
by units located In this area 

The Edison detector arrangements III 
Zones 2 and 3 were evaluated by fxlng 
thermocouples near the Edison units to 
measure the rates of temperature rise 
caused by small fires The Edison system 
did not operate when exposed to small fires 
which Increased the temperature 20’ to 40’ F 
per second, but It did when exposed to larger 
fires which produced rates evceedlng 100’ F 
per second for five seconds or more The 
results appeared to be satisfactory. and no 
attempt was made to improve the system ra 
these zones Instead, a general survey of the 
temperature condltlons was made durxng the 
fires to obtain data which would be useful in 
deslgnlng any type of detector system for a 
sxmlar zone through which there 1s httle air 
flow It appeared from the survey that the 
best locatlon for detectors which are heat- 
actuated 1s at the top of the zone Other 
desirable locatlons are across air outlets 
and *e&r accessories whxh are posstble 
sources of lgrutron or of flammable-flud 
leaks 

Fig 13 VEW of Underside of Nacelle with 
Louvered Access Door Removed 

Fig 14 EdzscnFlre-Detector TestLocatIons 
In Zone 4 
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Fig 15 Recommended Routing for a 
Contmuous Fire-Detector System 

Much of the testmg to find the best 
locatlons for detectors In Zones 1 and 2 was 
accomphshed with the aId of Kldde contmuous 
detectors A complete detectmn system 
usmg Kldde elements exclusively would be 
sumlar to that shown in Fig 15 This ar- 
rangement would protect all zones at pants 
where fires would most probably occur and 
where flames would tend to egress To 
faclhtate mstallatlon and mamtenance. the 
system would be composed of several short 
lengths of detectmg element J olne d by 
approved connectors 

The effect of the length of the element 
on the ablhty to detect fires was determmed 
with three 20-foot lengths mo of the 20-foot 
lengths were arranged In parallel In Zone 2 
In the pattern shown for that zone m Fig 15. 
and the third ZO-foot length was colled and 
hung from the cellmg of Zone 3 By couplmg 
the lndlvldual 20-foot elements together, 
lengths of 40 and 60 feet were readily as- 
sembled for comparative tests Under sxnu- 
lated flight condltlons. fires were started at 
various pants InsIde of Zone 2 The reactmn 
tmnes of the ZO-, 40-, and 60-foot lengths 
are given In Table II These seem to mdlcate 
that long lengths are more sensltlve than 
short ones under the same condltlons This 
IS m accordance with the design character- 
IstIcs and 1s due to the fact that the total 
resistance of the msulatmg material In the 
element varies Inversely with Its length 

Supplemental tests using these same 
elements were made m an oven where the 
temperatures were raised slowly For these 
tests, the detectmg elements were suspended 
In the center of the oven either in single 
calls or coupled together as requred to 
form the various lengths The air tempera- 
ture mslde the oven was recorded by a 
thermocouple. and as each length of element 
sounded an alarmthe temperature was noted 
Two tests were made of each co11 or corn- 
bmed length (1) with the startmg amblent 
temperature of the oven below 200” F, and 
(2) with a startmg temperature above 350-F 
When tests were conducted on the 40- and 
60-foot assembled elements, no attempt was 
made to determme what effect the relatively 
large mass of the connectors had on the 
temperatures at which the elements gave an 
alarm to lndlcate fl r e or at which they 
recovered to mdlcate that the fire was out 

The results given m Table III show 
that the trend 1s for the long elements to 
alarm at a lower temperature than the short 
ones, as shown m the prevmus full-scale 
tests The recovery temperatures recorded 
are not stnctly comparable because the 
elements were connected to different chan- 
nels In the ampllfler, which channels may or 
may not have had the same number of de- 
grees of spread between the alarm and the 
recovery settmgs It was found that this 
spread should be at least 30’ F to prevent 
chattermg of the warnmg sIgna 

The Kldde detector system proved to 
be highly dependable In every respect It 
was quck to respond to fire and was slngu- 
larly free from false alarms In addltlon, It 
was strongly built, light In weight, and 
comparatively simple to Install 

Durmg the early stages of the fire- 
detectmg program the we P Flreye system 
was the only visual detector avaIlable Two 
or three general areas were establlshed In 
the vlcunty of the engine where the detectmg 
units of this system could observe fires and 
still be shzelded from direct sunlIght One of 
these areas was in the cowlmg surroundmg 
the engme The units were actually rnbedded 
In depresslons m the Inner lmer and dlrected 
at the engme Another was on the forward 
side of the cowl support rmg In the latter 
locatmnthe longltudmal axis of each umt was 
tangent to the ring with the windows of the 
umts facmg forward and radmlly Inward to a 
slight degree Nearly 500 tests were per- 
formed usmg this early versmn ofthe FIreye 
detector system 

Later, when the Model FD-2 super- 
seded the Model P, the system for the power 
sectmn of the XR60-1 conslsted of five umts 
attached to the cowl support rmg and spaced 
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TABLE II 

RESPONSE TIME FOR VARIOUS LENGTHS OF KIDDE CONTINUOUS DETECTOR 
DURING FULL-SCALE FIRE TESTS ON THE XR60-1 POWER PLANT 

Test FlTe 
NO Fuel 

1 
2 
3 
4 
2 

7 
8 
9 

10 
11 
12 
13 
14 
15 

Hydraulic Flud 
Hydraulic Fluzd 
Hydraulic Flud 
Hydrauhc Flud 
Hydraulic Flud 
Hydraulx Flud 
Hydraulic Flmd 
Hydrauhc Flud 
Hydraulic Fluid 
Hydra&c Flud 
Hydraulic Flud 
Gas011ne 
Gasolme 
Gasolme 
Gasolme 

20-Foot 
(seconds) 

9 
12 

3 
7 

10 
6 

2 
* 
* 
1 
5 
2 
4 

Response Tome 

40-Foot 60-Foot 
(seconds) (seconds) 

8 
11 

6” 
7 
6 

4 
4 

2 

i 
1 
5 
1 
5 

Detector 
pattern 

A 
A 
A 
A 
A 
A 
B 
B 
A 
c 
C 
A 
A 
A 
A 

Note Five different pants of fire orlgm 11, Zone 2 are represented 11, these tests 

A pattern 20-foot length ,n Zone 2. 40-foot length, half I,, Zone 2 and half III Zone 3 

B pattern 60-foot length with 40-foot portmn III Zone 2 and 20-foot portmn I* Zone 3 

C pattern 40-foot length ,n Zone 2 and ZO-foot length III Zone 3 

* Fire spread from Zone 2 to Zone 3 and was detected by the ZO-foot co11 III Zone 3 
approximately 15 seconds after the 40-foot element detected the fire III Zone 2 

TABLE III 

RESPONSE AND RECOVERY TEMPERATURES FOR VARIOUS LENGTHS 
OF KIDDE CONTINUOUS DETECTOR IN ELECTRIC OVEN 

Test Element 
NO Combmatron 

1 A 

2 B 

3 c 

4 AbB 

5 A, B. & C 

Length Amblent Temperature 
Below 200’ F Above 350’ F 

Response ReCO”ery ReSpO*S‘Z Recovery 
(feet) (degrees F) (degrees F) (degrees F) (degrees F) 

20 500 470 500 460 

20 500 450 500 420 

20 500 425 500 420 

40 460 360 425 300 

60 410 375 425 350 
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Fig 16 View ofFlreye andEdIson Detectors 
Mounted on Cowl Rmg 

approximately at equal distances from the 
center of the lower flap on one side to the 
center of the lower flap on the other Each 
pick-up unit was located opposite an Intake 
manifold at the pomt where the manifold 
passed beneath the cowl support rmg The 
longltudmal axes of the urnts were parallel 
to the longltudlnal axis of the engme, and the 
units were dIrected to vxw 45” away from 
the radial lmes directly Into the engme 
Fig 16 shows the Flreyes mounted on the 
cowl support rmg along w>thEdlsandetectors 
which were bemg tested at the same time 
The FD-2 Flreye system detected fires 
started m 13 places on the crankcase and 
near the cylmder heads Altogether 92 hi-e 
tests were performed The reactlon tune 
was usually two seconds or less The system 
afforded the best possible coverage, because 
the reflectmn of fire as well as a direct view 
of the flame would produce an alarm 

Unfortunately, the amblent temperature 
exlstmg m Zone 1 of the XR60-1 was at 
times m excess of the maximum 220” F 
temperature for which these units were 
deslgned As a result. their sensltlvlty was 
reduced somewhat, although not to such a 
degree that their usefulness was ImpaIred 

To determIne whether the loss of sen- 
sltlvlty was due 1x1 part to the fact that the 

units vlewed the exhaust stacks directly, 
comparative tests were made In which the 
units were first dlrected toward the stacks 
and then away from them In neither case 
could a check of the system be made by the 
test switch after the zone had warmed up to 
a sufficiently high temperature 

Tests were conducted to determme 
whether the units could detect exhaust-gas 
leakage from breaks In the exhaust stacks 
A sectIon of exhaust mamfold was separated 
from the two forward cylmders m one bank 
which left a gap of 3/4 mch through which 
exhaust gases could escape With this s,mu- 
lated break, the engme was operated up to 
2200 rpm, but no alarm was given by the 
FIreye umts 

In order to determme whether the 
Flreye umts were capable of detectmg 
burnmg water-InJectIon f Lund (alcohol and 
water). a bench test was arranged so that a 
unit could be exposed to both gasolme and 
water-,nJectlon-fluid fires, each burnmg In 
an open cup three Inches m diameter The 
gasolme fire was detected promptly and at a 
distance of 12 feet while the mlectmn-flud 
fire was detected only at a range of less than 
two feet The gasolme burned with a bright 
flame whxle the InJectIon fluld burned with a 
dull blue flame whxh was nearly mvlslble to 
the naked eye 

Occasmnal false alarms wereproduced 
durmg 27 simulated ram tests usmg early 
arrangements of the FD-2 detector units 
Apparently the water droplets passmg be- 
tween the unshrouded exhaust mamfolds and 
the umts produced modulated mfraredradm- 
tlon of the crltlcal frequency No false 
alarms resulted from thxs sauce with the 
ConfIguratIon that IS shown m Fig 16 

Two other causes of false alarms were 
revealed by the test program These are 
mentmned manly because they were as- 
soclated wxth mamtenance of the system and 
because knowledge of them could do much to 
prevent their occurrence m actual arcraft 
mstallatlons In one Instance, the mal- 
functmnmg was traced to water or moisture 
that had entered some of the connectors. 
‘Ilus was remedied by packmg the connectors 
with a allcone compound In another m- 
stance, the trouble was traced to a clamp 
which had been fastened too tightly around 
the shlelded coaxial cable used to connect 
the mdlvldual umts 

For tests m Zone 2, three Flreye units 
(shown 1x1 Fig 17) were located as follows 

1 Above the auxlllary fire-wall door 
facmg forward toward the engme accessory 
dnve case 
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2 Four Inches below the mean floor level 
and to the right of the recessed area under 
the accessory drive case. facmg upward. 

3 On the right wall 14 Inches forward of 
the auxlllary fze wall and 20 Inches above 
the floor, facmg to the left 

One hundred eighty tests were per- 
formed usmg small gasolme fires (0 1 gpm) 
started at sx places wIthIn the zone All 
three of the umts were able to detect these 
small fires, but the best performance was 
shown by umt No 3 and the next best by No 1 

Evaluation 
In testmgdlfferent fire detectors under 

full-scale condltlons, some of the advantages 
and disadvantages of the systems became 
apparent The extent to which these were 
revealed was necessarily llmlted by the 
scope of the tests 

In general, unit detectors can be used 
advantageously m small enclosed spaces In 
large compartments, unless the umts are 
spaced quite close together, there 1s a strong 
posstblllty that a fire may pass between two 
adJacent units wlthout causmg an alarm 
Electrical lmes from one umt to the next 
may be damaged by fire before the umt 
operates 

The Edison unit may be consldered to 
have a certam advantage In that It responds 
to a rapld rate of rise m temperature How- 
ever.lt does not mdlcate an excessively high 
temperature, unless achieved rapldly The 
Fenwal umts, on the other hand, ~111 detect 
an abnormally hzgh temperature but do not 
respond to rapld temperature mcreases If 
the temperature of the preset alarm 1s not 
exceeded 

One of the Fenwal urnts tested (Model 
17343-16) mcorporated an adJustable feature 
which would provide a degree of flexlblllty 
durmg mstallatlon and would preclude the 
need for preset umts hke the Model 17343-61 

Contmuous detectors give wider cover- 
age than umt detectors, because the entlre 
lengths of such elements are capable of de- 
tectmg fires The blank spaces whxch enst 
between units ofthe umt detector system are 
ellmlnated The flexlblllty of the elements 
makes them readily adaptable to volumes of 
different shapes and allows them to be routed 
near accessorLes If desired Usually the 
elements extend to some pomt outsIde the 
hazardous area. thereby makmg any wlrmg 
InsIde the fire zone unnecessary The 
elements can be fabricated In the most 
appropriate lengths to fit any mstallatlon 

The Kldde and Dlttmann continuous 
detectors both respond to abnormally high 

Fig 17 fireye Detector Locatmns In Zone 2 

temperatures, and the preset alarm tem- 
perature may be adJusted wthm a reasonable 
range The ATM0 detector was deslgned to 
react to a rapld rise In temperature 

The maIn disadvantage of the contmuous 
detectors IS that they may be damaged by 
careless handlmg, although they are not 
fragile At the time of the tests, the Dlttmann 
detector would not reset after the fire was 
out until the amblent temperature of the zone 
returned to that which exxsted before the fire 
began Thx was a disadvantage In that It 
was slow to mdlcate when a fire had been 
extmgulshed The ATM0 was unduly affected 
by temperature changes associated with 
engme operatmn and was therefore subJect 
to false alarms 

The Adams detector had the advantage 
of requlrmg fewer units than the other unit 
detector systems and had fewer blank spaces 
It was not affected by the usual engine 
operatmg temperature It could not fit Into 
small spaces like a umt detector and was not 
as flexible as a contmuous detector It was 
not particularly easy to mount Smce Its 
operation depended on the creatmn of a tem- 
perature dlfferentlal between opposite ends 
of the element, the umt could be caused to 
operate by the appllcatlon of cold to one end 
as well as by the appllcatlon of heat If a 
fire was evenly dlstrlbuted over the element 
so that no dlfferentlal emsted. the detector 



16 

would alsonot sound an alarm It was neces- 
saryforthe connectmg electrIca wxres to be 
exposed ,n the hazardous area 

The Fxeye detector, Model FD-2, had 
advantages over unit and continuous type 
detectors It was not necessary for the units 
to be in the flame paths but onlyto be located 
at a few well-chosen pomts from which fire 
or reflectIons of fire could be observed The 
coverage was mfmltely greater than with 
either of the other types of detectors Un- 
fortunately, the detector was not capable of 
detectmg an abnormally high temperature or 
a rap,d r,se ,n temperature Therefore, It 1s 
conceivable that overheatmg might fall to be 
detected in t,me High temperature had a 
tendency to reduce the sensltlvlty of Flreye 
umts, and the coaxv.1 cable leadmg to each 
of the “nits was exposed in the hazardous 
zones and SubJeCt to damage Smce the 
“nits operated on modulated light from a 
flame, other modulated light of the same 
frequency could cause false alarms 

As a result of the full-scale testmg of 
f,re detectors and detector systems, It 1s 
concluded that 

1 Fires ,n the eng,ne sectmn tend to 
emerge from the cowl flaps regardless of 
where they orxgmate ,n the zone 

2 The highest amblent temperatures ,n 
the cowl-flap reg,on occurred when the pra- 
peller was reversed, and the highest rates of 
temperature r,se occurredwhlle the propeller 
was revertmg to posltlve thrust 

3 The maximum temperature and the 
maxxmum rate af temperature rise occurred 
near the top cowl flaps 

4 The rate of r,se from usual engme 
operatmns was not suff,clent to cause the 
or~gmal Edison detector system to sound a 
false alarm 

5 The or,gmal Edison system functloned 
sat,sfactorlly from the electrical standpomt. 
but the efflclency of the system was Improved 
canslderably by modlfymg the arrangement 
of “n,ts in Zones 1 and 4 The arrangement 
of Edison “nits ln Zones 2 and 3 was 
satisfactory 

6 The eff,aency of Edison and other 
types of detector systems mounted in the 
cowl-flap regxon IS better when the cowl-flap 
openmg ,s small than when It 1s large 

7 Edison “n,ts mounted on the cowl 
support rmg should be spacedcloser together 
thanelght Inches, as they were mthe orlgmal 
XR60-1 system 

8 Edlsan “ruts mounted on the cowl 
support nng near the lower flaps were more 
effective ,n detectmg fires orlgmatmg under 

the engme than “nits mounted on the lower 
part of the engme diaphragm 

9 The Edison units mounted on the cowl 
support r,ng were more efflclent at detectmg 
cylmder-head fires than crankcase fires 

lo Detectors mounted on the diaphragm 
near the cowlflaps were effective only under 
a lxmted range of flight operatmg condltlons 

11 The best locatlon for heat-actuated 
f,re detectors in the engme sectlon regard- 
less of flap opening was that shown in 
Fig 12 

12 The next best locatIons are mdlcated 
as F and G in Fig 11 

13 Contmuous detectors are more effi- 
sent than “nit detectors in the engme 
sectlo* 

14 The orlgmal Edison detectmg “ruts 
in the region under the floor were mounted 
too close to the shrouds and bulkhead 

15 Fires I,, Zone 4 tended to exit from 
the louver openmgs on the bottom of the 
nacelle 

16 For successful detectxon of fires in 
Zone 4, detectors were required in the 
louvered area under the nacelle 

17 The detectors originally mounted nn 
the bulkhead were not able to detect the 
presence of exhaust gases leakmg from a 
separated exhaust stack in Zone 4 

18 The Edison “ruts located mslde the 
accessory sectIon were adequate for the 
detectIon of fires in that zone 

19 The Fenwal detector Model 17343-16 
operated satlsfactorlly as a detector of 
overheatmg and fire. and the Model 17343-61 
operated sat>sfactor,ly as a fire detector 

20 The Dlttmann contmuaus detector 
system 1s satisfactory for use In an engme 
sectlo* 

21 TheK,dde contmuous detector system 
1s satisfactory for use In all zones of an 
a,rplane nacelle 

22 The ATM0 cont,nuous detector sys- 
tem was too sensltlve to normal heat changes 
,n an axplane nacelle to be used as an 
alrcraft fire detector 

23 The Adams detector was not sultable 
for arcraft “se because of Its undesirable 
Inherent characterlstlcs 

24 The Fxeye fire-detector system was 
capable of detectmg fires rapldly xn both 
engme and accessory compartments 

25 The Flreye system was particularly 
well-sulted for the detectIon of fires zn 
regmns havmg httle air flow 

Recommendat,ons (Heat-Actuated Detectors) 

1 Unit detectors when used in the cowl- 
flap region should be spaced not more than 
s,x mches from “rut to “rut 
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2 Detectors should preferably be located 
In the best posxtlon,whlch IS shown InFIg 12, 
or at least In the next best posltmns, which 
are mdlcated by F and G In Fig 11 

3 Detectors should be mounted on the 
cowl support rmg or On the diaphragm only 
If sutable means cannot be found to mount 
them m other posItIons demonstrated to be 
superlor from the standpoInt of detectlon 

4 Detectors should be mounted In the 
louvers on the bottom of the nacelle to 
Intercept Zone 4 fires 

5 Detectors should be separated from 
the surfaces to which they are attached by a 
space of approximately two Inches and 
oriented so that flames In their most normal 
course ~111 xnpmge on the heat-sensltlve 
portlon of the detectors first 

6 Detectors m the accessory sectlon 
should be mounted near the top of the zone, 
around the engme accessories, and across 
air exits 

Recommendations (Visual Detectors) 

1 Units of the system should be mounted 
on the cowl support rxng andorlented to view 
45’ from a radial lme toward the center of 
the engme, as shown In Fig 16 

2 Units should be mounted radially out- 
ward from the Intake manzfolds at the pomts 
where they pass beneath the cowl support 
nng 

3 At least e.~x units should be used for 
the protectmn of the engine sectmn of the 
XR60-I 

4 At least two umts should be used for 
the protectIon of the XR60-1 accessory 
sectlon, which 1s comparatively free from 
obstructlox 

5 Umts should preferably be mounted at 
the sides of Zone 2 and shouldalso be located 
so that the various fields of vlsmn xv111 be 
supplemental 

EXTINGUISHING SYSTEMS 

Purpose 
The purposes of the extmgulshmg tests 

were (11 to evaluate the nozzle tvne of fire- 
extxnguis’hlng system with whl;i the test 
mstallatlon was equipped, and (2) to revxse 
the nozzle system or mstalla new system as 
required to sxnphfy the plpmg and avmd the 
use of lndlvldual nozzles If possible 

Introductmn 
The test lnstallatlon orlgmally was 

provtded with a conventIona type of fire- 
extmgulshmg system In the engine se&on 
there was one nozzle located behlnd the base 
of each cylinder for a total of 28 nozzles 

Nozzles were also provided In the other 
ZOIYZS, In ducts, and In places where the 
greatest hazards were belleved or known to 
be located Fig 18 shows the arrangement 
of this system 

Parts of the system were deslgned in 
accordance with the data and formulas given 
ln aprevIously published work4 The recom- 
mendatlons and formulas contamed In this 
note were based On data obtamed In tests m- 
volvmg single-row and double-row engines 
It was not known whether they would be ap- 
plicable to four-row engmes, because ncz 
tests had been made of the larger-sleed 
Ones when that note was publlshed HOW- 
ever, that part of the system which was 
Intended to protect Zone 1 did not make use 
of the formula as developed Note No 31 
gave the followmg formula for determxung 
the quantity m pounds af methyl bromxde 
needed to extmgulsh fire ln the engme 
sectlo** 

Methyl bromide = 0 28 x P xF4 

where 

P = pounds of air through the zone In two 
seconds, 

N = number of engme cyhnders 

In the case of the XR60-1, the amaunt of air 
passmg through the zone was 64pounds for a 
two-secondlntervaland the number of engine 
cylmders was 2 8 Therefore, the number of 
pounds of methyl brormde required for this 
zone should have been 

028~64x~, or 35 84 pounds 

In applying the formula, the last factor 
was omitted altogether, and since Its value 
1s two, the system was deslgned to furmsh 
only 17 9 pounds of methyl bromide (one-half 
the amount speclfled for a nozzle system) 
The slees of lmes and nozzle apenmgs were 
deslgned accordmgly 

The system was also deslgned to dls- 
tribute large quantltles of extmgmshmg fluld 
in Zone 2 and smaller quantltles m Zone 3 
This was a reasonable arrangement because 
Zone 2 contaIned many flammable-fluld hnes 
and the 011 tank, as well as some potential 
lgnztlon sources associated with the engme 
accessories The hre hazard In Zone 3 was 

4 H L Hansberry. “Design Recom- 
mendatlons for Fire ProtectIon of Alrcraft 
Power Plant Installations,” CAA TechnIcal 
Development Note No 31, September 1943 



less than in Zone 2 because fewer hnes and 
fewer Igmtmn sources were concentrated III 
the zone and because It was smaller and 
comparatwely free from obstructmns 

The calculated total quantity of methyl 
brormde required for dlstrlbutwn in all 
zones su-nultaneously was 55 9 pounds Three 
cylmders. each contammg 20 pounds of fluld 
pressurleed w,th rutrogen to 400 pounds per 
square mch (ps~) were used to supply this in 
the airplane 

Some tune prior to the fire tests, a 
mock-up of the nacelle extmgushmg system 
had been constructed and tested by the 
Lockheed Alrcraft Corporatwn to demon- 
strate the dlstrlbutlon and spray patterns of 
the extmgushmg flud The dlstrlbutmn 
proved to be satisfactory, but the questmn 
of whether the system was capable of 
extmgushmgflres renamed to be answered 

Test Procedure 
The etizngushmg-agent supply lme to 

the test nacelle system was made to corre- 
spond roughly III such matters as length, 
turns, and flttmgs to the supply lme III the 
actual arplane and was connected to the 
extmgushmg-flmd cylmders in such a way 
that one. two, or three cylmders could be 
ducharged durmg any smgle test The capa- 
city of each cylmder was nomrnally 20 pounds 
of methyl brormde Smce the system was 
deslgned for methyl bromide. all tests were 
made with this flud except two in wh,ch 
bromochloromethane (known I” the fire- 
extmgulshmg field as CB) was substituted 

Durmg all tests, the engme and wind 
tunnel vfere operated to simulate flight con- 
dltlons The f,res ,n the early tests were 
small, bemg produced by bulnmg gasolme 
supplled to the Are nozzle at a rate of 0 28 



Fig 19 011 Fire (4-gpm) m the Engine SectIon 

gpm As testmg progressed, larger quanta- 
ties of gasolme and hot 011 flowmg at a max,- 
mum rate of 4 gpm were used The orlgmal 
extmgulshmg system was madlfled m an 
effort to force more flud Into Zone 1 by 
excludmg from the system several small 
lmes Intended for the protectIon of mdlvldual 
accessones ln Zones 2 and 3 In another 
attempt at Improvement. the Zgnozzles which 
constituted the Zone 1 portmn of the system 
were isolated from the rest of the system 
and fed by separate feed lmes 

Later, a slmpllfled nozzle system was 
deslgned for Zone 1 only This system con- 
slsted of seven nozzles equally spaced around 
the front of the engme between the cylinder 
banks Each nozzle was deslgned to produce 
a 260” spray pattern through a smgle 
l/16-Inch slot, and all the nozzles were 
arranged so that the sprays overlapped to 
produce across the face of the engme a 
vaporous curtam which could be forced back 
by the air stream to sweep out the engme 
compartment Hot 011 was burned I” all but 
two of the 28 tests used to evaluate this 
system 

Tests contmued to be dlrected toward 
the development of a slmphfled extmgushmg 
system One such system consisted of a 

number of plastx capsulellke contamers 
located wholly wlthm the zone to be pro- 
tected Each capsule stored a quantity of 
bromochloromethane which was discharged 
electrlcally by detonatmg a blastmg cap 
located mslde the capsule The explosmn 
burst the capsule and dispersed the fluld xn 
all dlrectmns 

Another type of slmpllfxed system was 
one whxch later came to be known as the 
High Rate Discharge (HRD) system This 
utlllzed the standard arcraft extmgulshmg 
equpment By ellmxnatmg the complex dls- 
trlbutlon s y s t e m, the rates of agent 
discharges were Increased slgnlflcantly 

Zone 1 test fires, one of whxch LS shown 
m Fig 19. were started and allowed to burn 
for 10 or 15 seconds before the emergency 
procedure was untlated The total tune 
durmg which these fires burned was appraxl- 
mately 18 to 20 seconds The flow of 011 and 
gasolme would normally dlmmlsh as a result 
of such emergency actmns as turnmg off 
valves and feathermg the engmes, but for 
these tests the ml and gasolme were allowed 
to contrnue flowmg at the constant rate The 
net effect of this constant rate of flow was a 
condltlon which might have been expenenced 
had It been lmposslble to stop the flow of the 
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flammable fluId or had the flow been reduced 
to this establIshed rate from an lnltlally 
higher one by the emergency actIons The 
fuel contmued to flow after extmguishment 
of the fire until It was evident that relgrntlon 
would not take place 

Measurements of the air speed at the 
top and bottom of the engine front and rear 
made It possible to calculate the quantity of 
air passing through Zone 1 

Seventy fire tests were conducted m 
Zone 2 of the XR60-1 to develop an HRD 
system for this zone Most of the fires 
burned gasoline and hydraulic flmd, a few 
burned 011 Methyl bromide and carbon 
dloxlde were the extmguzshmg flulds used 
In the course of testing m Zone 2, It was 
dlsrovered that the Intercooler flap posltlon 
entered Into the extmgulshment problem and 
therefore required special study 

To extmguish fires under the floor 
(Zone 4), extmgulshmg fluld was dlrected 
Into the underfloor ventllatmg ducts and mto 
Isolated volumes on each side of the nacelle 

After the fire tests had been completed, 
measurements were made of the rates at 
which the various agents were discharged 
through the lmes which comprised the HRD 
system This was done by removmg the 
lmes and cylmders from the nacelle and 
mountmg them on a structural framework in 
the same attitude which they had durmg the 
tests As the cylmders that were filled with 
the same quantltles of flmd used in the tests 
were discharged, the rates of discharge 
were measured by two methods One method 
made use of an osclllograph for recordmg a 
sIgna from a photoelectrlc cell mounted at 
the discharge end of the lme bemg tested 
The other method made use of a camera to 
take tlmed motion pictures of the discharge 

Results and Discussion 
Twenty-one fire tests were performed 

with the orlgmal nozzle system or with the 
slightly modlfled one Intended to Increase 
the amount of fluld entenng Zone 1 In the 
earher tests, the full 60 pounds (rn three 
ZO-pound cylinders) for which the system 
was designed were discharged wlthout effect 
It was obvious that the quantity of extmgulsh- 
mg fluId bemg released m Zones 2 and 3 was 
far m excess of what was needed because the 
fluld was flowing m llqurd form out of drams. 
seams, and other openmgs No such evidence 
of surplus fluid was observed m the engme 
sectlo” Even after removmg some of the 
lmes m Zones 2 and 3. the amount of 
Improvement m Zone 1 was negllglble 

The 28 nozzles m Zone 1 when Isolated 
and fed by separate feed lmes showed some 
Improvement, but there appeared to be too 

much restrIctIon m the lmes and nozzles 
Fires which orlgmated near the cylmder 
heads seemed to be easier to evtmgulsh than 
those started near the crankcase Closmg 
the cowl flaps appeared to assist the extm- 
gulshment of cylmder-head fires but still did 
not make the extmgulshment of crankcase 
fires possible Charge pressures of 100 psi 
above or below the 400 PSI normally used 
made little difference No fire was extln- 
gulshed with a quantity of less than40pounds 
of extmgulshmg agent, and crankcase fires 
could not be extmgulshed with this quantity 

Fallure of the orlgmal Zone 1 extm- 
gulshmg system left two courses of actIon 
(1) to rebuild the system as called for by 
ealstmg formulas, or (2) to develop new and 
simpler systems It was decided to adopt 
the latter course 

The test oblectlve in deslgnmg a new 
system was to mtraduce an eatmgulshmg 
agent at such a high discharge rate that 
(1) It would blast across the normal air flow 
and saturate the zone with the agent vapors, 
and (2) elaborate agent dlstrlbutlon systems 
could be ellmxnated or reduced to a mmlmum 

The seven-nozzle system previously 
described was the first step m this dlrectmn 
The results obtamed with It seemed to be as 
good as, If not better than, the results ob- 
tamed with the orlgmal 28-nozzle system, 
but they were still unsatisfactory 

Two totally different systems were 
then proposed One was the capsule system 
and the other the HRD To test the former, 
seven capsules each cantammg 2 8 pounds of 
bromochloromethane (19 6 pounds total) 
were mounted in Zone I m the openmgs be- 
tween cylmder banks approximately m lme 
with the front row of cylmders, as shown I” 
Fig 20 lhe blastmg caps mslde the capsules 

contamed 0 4 grams (pm) of powder 
Four attempts were made to extmgulsh 

4-gpm 011 fires with the followmg results 
one successful extmgulshment, one flash back 
after apparent extmguxshment. and two fall- 
ures High-speed movmg pictures made 
durmg the tests revealed that a considerable 
amount of fluld was bemg spllled out the front 
openmg of the cowlmg The capsules were 
moved deeper Into the engme, and another 
test was made The high-speed pictures 
showed that some splllage still occurred, 
although not so much as prevmusly Un- 
fortunately, one capsule broke loose from Its 
mountmg before bemg exploded, so Its effect 
was lost on the fire The fire was not 
extmgulshed but was subdued momentarily 

The capsule system has the advantage 
of bemg light m weight because the capsules 
were fabricated of llghtwelght plastx ma- 
terlal and no plumbmg was required The 
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disadvantage of the system was that the cap- 
sules fastened between the cylmder banks m 
Zone 1 obstructed the passage of coolmg air 
to the engme cylmders In spaces where the 
air flow was not crltxal. the disadvantage 
dIsappeared 

Although the llmxted number of tests 
mvolvmg capsules mdlcated that further 
development work IS warranted, conslderable 
testmg must be undertaken before the capsule 
system can be considered for use I” arcraft 
power plants Brxfly. the testmg would m- 
valve the development of capsules and detona- 
tors capable of wlthstandmg normal nacelle 
temperatures and vlbratlon and the selectlo” 
of a suitable fluld havmg low vapor pressure, 
low freezmg pomt, chemxcal stablllty, and 
noncorrosIve propertles 

For prellmmary tests of the HRD sys- 
tem m the engme sectlon, one extlngulshmg- 
agent container was located just aft of the 
cowl flaps on the right side of the nacelle 
and a one-Inch outslde diameter (OD) lme 
was Installed from the contamer to the front 
face of the engine The lme was bent at 
90’ near the end, so that fluld discharged 
from the container would be dxected across 
the face of the upper half of the engme 

Slxteen tests were conducted with this 
simple arrangement usmg methyl bromide 
pressurleed with ar to 400 PSI The fact 
that some success m combatmg 3-gpm 011 
fires was achieved with such a small quantity 
as SIX pounds of methyl bromide mdlcated 
that this type of system might prove to be far 
superior to a nozzle system I” an engine 
mstallatlon 

Another extmgulshmg-agent container 
similar to the first was mounted on the 
opposite side of the nacelle, and tubmg was 
Installed from It to the front of the engme 
The system then consIsted of two 
extmgulshmg-agent containers attached to 
the sides of the nacelle aft of the cowl flaps 
Two one-Inch OD tubes were mstalled ex- 
tending from each contamer to the front of 
Zone 1 where they were bent mward at right 
angles and termmated wIthout restrIctIon 
Eatmguzhmg fluId from one tube discharged 
across the upper half of the face of the en- 
gme and from the other one across the lower 
half The fluld actually passed between the 
forward cylmders and the magnetos m each 
case 

The most persxstent fires were those 
which originated on the lower half of the 
engme It 1s believed that the reason for 
this was associated with the cowl-flap con- 
flguratlon Fires on the upper half of the 
engme found no dlfflculty in emerging from 
cowl flaps because the flaps extend around 
the upper half of the nacelle, but fires on the 

Fig 20 Capsules Mounted Between Engme 
Cylmder Banks as a System for 
Extmgulshmg Zone 1 Fires 

lower half had no flaps directly aft of them 
from which to emerge They had to curve 
upward around the engme In order to evlt 
through the flaps over the upper half of the 
nacelle It was evident that the air entermg 
at the lower front part of the engme tended 
to dzvlde mto two man courses m passing 
through the zone to the cowl flaps on either 
side llus undoubtedly created a region near 
the rear undersxde of the engine where tur- 
bulent fires could ealst Such fires could 
escape extmgulshment because the extm- 
gulshmg agent discharged at the front of the 
engine would also tend to dlvlde III order to 
reach the exits and would have negllglble 
effect on the turbulent fires This appeared 
to be the loglcal explanation for the flash 
backs whxh occurred I” the early tests A 
tube having a 3/4-mch diameter was there- 
fore Installed to discharge fluld under the 
rear of the engme to prevent flash backs 

It should be noted that at the time these 
tests were conducted the mternal surface of 
the cowlmg or pan under the englne was 
smooth As orlgmally desIgned. the pan was 
crossed with several exposed transverse 
structural ribs which caused con,lderable 



Fig 2 1 011 Fore (3-gpm)m Engme SectIon Extmgulshed with HRD System Usmg Eleven Rx,nds 
of Methyl Bromide as the Agent 

turbulence under the engme and formed pack- 
ets where fuel and 011 could collect FlreS 
occurnng 11, this area were extremely dlf- 
flcult to extmgulsh, and the pan was damaged 
severely on several occasions before a 
smooth lmer was Installed to provide an 
aerodynamxally c 1 e an mternal surface 
The arlgmal dramage was also Inadequate 
Prov~s,on had been made for drammg only 
a small amount of antlclpated leakage at two 
pomts This condltlon was corrected at the 
t,me the lmmg was installed by msertmg a 
1 l/2-mch diameter dramplpe from the low 
pomt of the pan to the autslde of the nacelle 
The external end of the p,pe was shlelded to 
mantam the p r o p e r a,=-flow condltmns 
InsIde the zone 

In the tests, the flaps could be opened 
or closed as desired durmg the emergency 
procedure Fig 21 shows the prompt extm- 
gushment which occurs when the flaps are 
open Occasmnally, the discharge of a quan- 
tlty of an agent would fall to extmgulsh a fue 
when the flaps were open but would extmgush 
the same-s,zed f,re when the flaps were 
closed The actmn of the agent III the latter 
case seemed to be slower at first but of 

longer duration At mltlal discharge, the 
main body of the fire was snuffed out, and If 
small residual fires persIsted or if small 
flash backs occurred, the remammg agent 
would slowly smother them Fq 22 shows 
a fire bemg smothered 

Seventy-nme eutmgushmg tests were 
made w,th the HRD system ,n Zone 1 ,n order 
to determme the proper minimum quantltxs 
of each of the followmg extmgulshmg agents 
methyl bromide. d,bromod,fluoromethane. 
carbon dmxlde, and bromochloromethane 
Table IV gives some of the prapertles of these 
flmds, and Table V gives the reqmred weights 
of the three mast satlsfactary of these fluIds 
with theu rates ofdxcharge Methyl bromide 
appeared to be most satisfactory from the 
standpamt of weight, requlrmg a mu-~~mum of 
13 pounds dlstrlbuted as follows 5 pounds 
discharged UI each lme across the face of 
the engme and 3 pounds discharged at the 
rear of the zone under the engme The rate 
of dxcharge Into the zone was 23 pounds per 
second Dtbromod,fluoromethane appeared 
to be as effective as methyl bromide Its 
rate of dlscharge was 25 7 pounds per sec- 
ond However, the number of tests ,,I wh,ch 
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TABLE IV 

EXTINGUISHING-FLUID PROPERTIES 

Name Formula Molecu- Bollmg Freezmg Speclflc Vapor 
la* Point Pant Gravity Pressure 

Weight at 20’ c 
(degrees C) (degrees C) (millimeters) 

Carbon Dloxlde co2 44 0 -78 2 - 57 0 77 

Methyl Bromide CH3Br 95 0 46 - 93 1 73 

Dlbromodlfluoromethane CBr2F2 209 8 24 5 -142 2 31 

Bromochloromethane CH2ClBr 129 4 67 0 - 88 1 92 

42,400 

1.250 

Fig 22 011 Fire (4-gpm) Extmgulshment with 13 Pounds of Methyl Bromide After the Cowl 
Flaps Were Closed 

this fluld was used was not sufflclent to 
warrant deflmte concluslans After the 
mmlmum amount of methyl bromide had 
been determlned for a certam fire condltlon, 
a slmllar amount of dlbromodlfluoromethane 
was tested under the same condltmns and 
found to be sufflclent m each case The 
quanttlty of carbon dmalde required was 20 
pounds, of which 15 pounds were supplled to 
the front of the engme and 5 to the regmn 

under It The rate of dlscharge was 15 
pounds per second Bromochloromethane 
did not appear to be partxularly well-suted 
to the HRD type of system, and fires could 
not be extmgushed with 25 pounds of the 
fluld To be effective, a fluld should vaporize 
a5 It emerges from the end of the lme, but 
bromochloromethane tended to reman In a 
llqud state and to discharge as a stream 
Normally such a stream could be broken up 
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Zone 

TABLE V 

MINIMUM WEIGHTS OF EXTINGUISHING FLUIDS 
AND THEIR RATES OF DISCHARGE REQUIRED IN HRD SYSTEM 

Area Air Flow or 
Zone Volume 

CH3Br CBr2F2 co2 

(lb) (lb/set) (lb) (lb/xc) (lb) (lb/set) 

36 lb/xc 13 23 0 13 25 7 20 15 0 

60 cu ft 3 43 3 - 6 55 

48 cu ft 3 43 3 - 4 57 

Pocket A, 1 l/2 cn ft 3 50 3 - 4 57 
Left &de 

Pocket A, 1 I/2 cu ft 3 50 3 - 4 57 
Right Side 

Ducts. 
Left Side* 

3 50 3 - 4 57 

Ducts, 
Right Side* 

3 50 3 - 4 57 

*Underfloor ventllatmg au duct and ventllatmg air duct of the turbosupercharger compartment 

by a nozzle, but a nozzle would restrict the 
flow and negate the inherent advantages of 
this type of extmgulshment 

At the time these quantltles were 
establlshed, the air flow through the wne 
was approximately 36 pounds per second 
when the engme was operatmg at 1800 rpm 
with the cowl flaps wide open and with the 
wind tunnel supplymg air at 110 mph This 
weight compares favorably with the 32 pounds 
per second orlgmally calculated for the 
zone to provide design data for the orlgmal 
nozzle type of extmgushmg system The dlf- 
ference can be explamed by the fact that the 
spmner whxh normally shrouds the propel- 
ler hub was removed prior to the fire tests 
for the express purpose of mcreasmg the air 
flow through the zone 

Since the fluid dlscharge In this type 
of system 1s forward ofthe engine cylmders, 
there was some tendency toward splllage 
over the front of the cowlmg The splllage 
was not excessive, and sufficient flud passed 
through the engme sectmn regardless of 
whether the wmd tunnel was rn operatmn 
(slmulatmg flight) or whether the engme 
propeller a lo n e was rotatmg (slmulatmg 
ground operatzon) 

During the test program It was con- 
venient to fasten the extmgulshmg-agent 
contamers to the outstde of the nacelle, as 

shown m Figs 21 and 22, but In an actual 
aircraft mstallatmn such cylmders would be 
located mslde the nacelle, as suggested In 
Figs 23 and 24, or m the wmg In any case, 
they should be located as near as possible to 
the nacelle which they are Intended to pro- 
tect, because the effectiveness of the system 
depends largely on the total saturation of all 
zones simultaneously and promptly 

No changes were consIdered to be 
necessary to the nozzle system In Zones 2 
or 3, although later In the program a much 
simpler system was found to be adequate It 
was observed durmg the tests that fires 
could spread from Zone 1 Into Zone 2, and 
two fires occurred because of a backflrmg 
of the engme No cases were known where 
fires Ignited from any of the accessorzes 
mslde Zones 2 or 3 It 1s not known whether 
fire would spread from under the floor, be- 
cause extmgulshmg fluid was always mtro- 
duced Into Zones 2 and 3 as a control 
measure durmg the Zone 4 tests 

Because of relgmt1on after apparent 
extmgmshment, both Zones 3 and 4 were 
suspected at times of harbormg extensmns 
of the man fires from Zone 2 One of the 
most troublesome problems of extlngushment 
m Zone 2 was caused by leakage of fire 
through the JOlntS around the mtercooler 
Such fires lodged behmd the rntercooler 



Fig 23 HRD System for the XR60-1 Nacelle Fig 24 HRD System for the XR60-1 Nacelle 
Usmg Methyl Brormde as the Agent Usmg Carbon Dloxlde as the Agent 

flaps where they were protected from the 
slip stream 

The fmal form of the extmgulshmg 
system for Zones 2 and 3 consisted it smgle 
lmes dxcharglng downward from the top 
center of each zone When methyl bromide 
or dlbromodlfluoromethane were used as the 
extmgushr,g fluds, 3/4-mch OD lmes were 
used, both of wh,ch were fed from the same 
contamer When the fluld was carbon dmxlde, 
one-mch OD lines were used and each line 
was fed from a separate contamer 

No fmes were started u-,tentmnally III 
Zone 3, but It 1s highly probable that smaller 
quantltxs of fluld would have been requred 
there than were requred III Zone 2 because 
Its volume 1s less than that of Zone 2 and 
because It contams fewer accessories and 
,gn,tion sources Smce carbon dmxlde was 
fed Into each aone from a separate contamer, 
It was a sunple matter to supply dlfierent 
quantltles to each one SIX pounds were 
required for Zone 2. and four pounds were 
used ,n Zone 3 Smce the other fluds were 
fed Into both Zones 2 and 3 from the same 
contamer, It was not feasible to reduce the 
quantity gang Into Zone 3 Therefore, three 

pounds were used ,n each zone The net vol- 
ume of Zone 2 was approvlmately 60 cubic 
feet, and that of Zone 3 was approximately 
48 cubic feet The air flow was negligible in 
the two e~nes 

The danger of f,re ,n Zone 4 did not 
appear to be p?rtlcularly great There was 
1,ttle tendency for iluds to dram Into the 
zone, and It seemed rather unl,kely that the 
quantity ganung entrance would contmue to 
flow at a high rate for any great length of 
t,me, especially If emergency shutdown pro- 
cedure were used Durmg the tests conducted 
under normal flight condltlons. no cases of 
natural lgnltux, were mcurred by the mtro- 
ductIon of flammable fluds Into the zone 
Nevertheless. 1x1 order to determme the 
magmtude of the extmgulshmg problem the 
assumptmn was made that moderate-sreed 
fires could gan entrance to the zone ln some 
manner 

The tests showed that the ilres which 
were ,ntentux,ally xgmted III the ec.ne tended 
to exit from the louvers on the bottom of the 
nacelle, as shown in FLg 25 Smce this area 
was protected with stanless steel, such fires 
were not very damagrng The tests also 
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Fig 25 Zone 4 Fire (2-gpm) 

showed that the larger the quanttlty of al 
used to feed a fire, the more dlfilcult the 
extlngulshment became In view of the ap- 
parently safe condltlons m the zone, extm- 
gulshmg requirements were establlshed for 
a maxnnum of 2 gpm of mltlal flow and 
reduced to l/2 gpm after emergency 
procedure 

The ilrst method tried for extmgulshmg 
Zone 4 fires was to Introduce eatmgulshmg 
fluld mto the front scoop However, the iluld 
supplled m this manner tended to enter those 
ducts where the air flow was the greatest, 
and smce the air flow through the underfloor 
and the ventllatmg ducts to the turbosuper- 
charger compartment was of comparatively 
small magmtude (approximately one or two 
pounds per second), these latter ducts were 
not adequately purged See Fig 26 

There appeared to be little reason to 
use an eutmgulshmg agent mthe mtercooler, 

heat-exchanger, or turbosupercharger air 
ducts The only fires whxch lodged In the 
Intercooler ducts were those which spread 
from Zone 2 Into the mtercooler flaps, and 
these could be controlled bythe extmgulshmg 
agent In Zone 2, prowded the flaps were 
closed when the extmgulshmg system was 
discharged Neither the heat exchanger nor 
any of the ducts gave evidence of bemg 
sources of lgmtmn or shelters for fire The 
turbosupercharger and Its duct did not 
appear to be hazardous 

The extlngulshmg system bang tested 
was then mstalled so that the fluid was mtro- 
duced only Into the two ventllatmg air ducts 
on each side of the nacelle It was soon dls- 
covered, however, that even this method did 
not produce the desired results because two 
pockets uere found m eachside ofthe nacelle 
where the extlngulshlng agent could not pene- 
trate wzth sufixclent concentration to be 
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eifectlve These pockets on the left side of 
the nacelle and designated A and Bare shown 
m Fig 27 Pocket A, formed by the bracket 
and shroud of the turbosupercharger and by 
the skin of the nacelle. had a volume of 
approxnnately I 5 cubic feet Pocket B. the 
enclosed space surroundmg the 011 cooler. 
had a volume of approximately 4 5 cubic 
feet The air flow m both of the spaces 
was negllglble 

Extmgulshmg iluld should have been 
Introduced mto these pockets oneach side as 
well as Into the ducts, but m the Interest of 
sxnpllclty no fluld was dlrected Into the B 
pockets durmg the tests The only iluld 
entering these spaces came from Zone 3 
throughopenmgs around the ml-cooler ducts 

Durmg the tests two or four contamers 
were used to protect Zone 4. the number de- 
pendmg onwh~ch extmgulshmgfluld was bang 
used Four hnes were used In each case Of 
these, two lines supplled iluld to Pocket A on 
each side ofthe nacelle and each of the other 
two hnes supplled fluld to the venttllatlng air 
ducts The discharge from each of the latter 
lmes was dlvlded evenly between the duct to 
the turbosupercharger compartment and that 
of the underfloor space When carbondmxlde 
was the extmgulshmg agent used, four pounds 
were discharged from each of four cylinders 
at a rate of 5 7 pounds per second through 
one-inch OD lmes When methyl brormde or 
dlbromodlfluoromethane was used, SIX pounds 
were discharged fromeachof two contamers 
Each contamer fed two 3/4-Inch OD hnes, 
and the discharge rate of each lme was 
5 pounds per second The quantltles of 
extmgulshmg fluId and the discharge rates 
required for each of the nacelle zones are 
shown in Table V F’lg 23 shows the HRD 
system for the XR60-1 using methyl bromide 
as the extlngulshmg iluld and WI t h all 
contamers and lmes mounted InsIde the 
nacelle Fig 24 shows a similar system 
usmg carbon dloxlde as the extmgwshmg 
agent Table VI hsts addItIona data for the 
HRD system 

The total quantity of methyl bromide 
required for the whole nacelle was 31 pounds, 
and the total carbon dmxlde was 46 pounds 
Although several containers were used to 
store the fluids durmg the tests, there IS no 
reason why fewer large containers could not 
be used provided that no reduction takes 
place m the number of lmes, the line sizes, 
the quantltles of fluid, or the rates of 
discharge 

The precedmgHRD requirements were 
found adequate for the XR60-1 They are not 
necessarily apphcable to smular mstal- 
1atmns Too httle 1s now known about this 
type of extzngulshment to derive formulas 

Fig 26 Zone 4 Ducts 

for general use In mstallatlons which have 
cowl flaps almost completely around the 
engme. ,t 1s h,ghly probable that no iluld 
would beneeded under the engme Moreover, 
not all types of mstallations have accessory 
sectlons which are as well-sealed as the one 
In the XR60-1, and therefore more agent may 
be required In the accessory sectmns of 
such mstallatlons The complicated duct 
system m the XR60-1 made extmgulshment 
of hres m Zone 4 difficult and added consld- 
erably to the fluld weight requirements It 
1s not yet possible to calculate what the 
requirements for a correspondmg region 
would be In another mstallatlon on the basis 
of the results obtamed In these tests 

In a large lnstallatmn such as the 
XR60-1, the HRD system should compare 
favorably with the nozzle system. especially 
when methyl brormde IS used Thz ilmd 
loses much of Its eifectlveness when It IS 
obhged to travel long distances before dls- 
chargmg The HRD system uses a mmrnum 
of plpmg, few valves, and no nozzles As a 
result, less iluld per nacelle IS needed than 
with a nozzle system The total quantity of 
fluld required for a multiple-engine airplane 
would be slightly greater than that required 
for the conventional nozzle system usmg a 
centrahzed source of agent A few more 
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contamers would be needed, since each “a- 
celle would have a” Independent system 
However, the added weight of the extra con- 
tamers tends to be balanced by the saving I” 
we,ght resulting fromthe use of shorter feed 
lmes and byelxmnatm” of complex dlstrlbu- 
t1on systems The slmpllclty of the HRD 
system should reduce both the mstallatlon 
and mantenance problems associated w,th 
power-plant fire-extlngulshlng systems I” 
addltmn to the conslderatlo” of weight, com- 
pleaty, and maintenance, the HRD system 1s 
Inherently quahfled to give better fire pro- 
tectlon than the conventmnal nozzle system 
In a” HRD system the fluld achxeves rnax,- 
mu,-” effectiveness and can be applxed with 
m~n~rnur” delay Ultunately. the HRD system 
may be coupled w,th the proper type of trvg- 
germg mechamsm and may become useful 
agamst crash fires as well as against fires 
I” fl,ght This future advantage cannot be 
obtalned from exlstlng centralized 
extlngushlng systems 

As a result of the extmgmshmg-system 
tests, It IS concluded that 

1 The portlon of the or~gmal nozzle sys - 
tern which was Intended for the protectlo” of 
Zone 1 was not adequate 

2 Closmg the cowl flaps xnproved the 
e f f e c t 1 v e n e s s of extmgushlng flud I” 
extmgushmg Zone 1 fires 

3 A sunpllfrzd arrangement of seven 
nozzles was as effective as the orlgmal 28 
nozzles I” Zone 1 

4 The portlo” of the nozzle system which 
was mtended for Zones 2 and 3 was more 
than adequate 

5 Zone 2 was comparatively free 
from lgnltlon sources. but fires could 
occur I” that zone as a result of engine 
backfxmg 

6 An HRD system of extmgushment 
could be used successfully 2” Zones 1. 2. 3. 
and 4 
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TABLE VI 

HRD SYSTEM DAlA 

Test Lme Lme Dmnensmns 
NO Deslgnatmn 

Length 
(Inches) (m:lk) 

1 

4 

5 

I 6 

7 

8 

9 

10 

11 

12 

Front of 
engme 

Front of 
engme 

Front of 
engine 

Front of 
engme 

Rear of 
enpne 

Rear of 
engme 

Rear of 
engine 

Rear of 
engine 

zone 2 

Zone 3 

Zones 2 & 3 

Zone 4 (A) 

75 

75 

75 

75 

86 

86 

86 

86 

45 

45 

454 

45* 

1 

1 

1 

1 

3/4 

3/4 

3/4 

3/4 

1 

1 

3/4 

3/4 

Cylmder EL&” - Weight Tl”W Fill Rate 
Volume 8umhmg Ratm (pounds 
(cubic Flxd (per Per 
Inches) (pounds) (seconds) cent) second) 

295 75 1 35 70 0 55 

205 CH2C 1Br 70 0 70 48 5 10 0 

205 CH3Br 50 0 52 39 0 96 

205 CBr2F2 50 0 50 29 0 10 0 

205 50 1 25 67 7 40 

205 CH2C1B= 50 0 90 34 7 56 

205 CH3Br 30 0 80 23 4 38 

205 CBr2F2 30 0 53 17 4 

295 

205 

205 

295 

co2 

co2 

CH3Br 

CH3Br 

60 1 35 70 0 

40 0 70 54 0 

60 0.70 46 8 

60 0 60 32 5 

57 

55 

57 

4 3** 

5 o** 

*Cylmder discharges mto two 3/Q-mch OD lmes each 45 Inches long 
**Rate of discharge at end of each lme 

7 Methyl b r o rn 1 de, dlbromodlfluoro- 
methane, and carbon dmxlde were sultable 
for use m an HRD system 

8 Bromochloromethane was not well- 
sated for use in an HRD system 

9 D~bromodlfluoromethane had approm- 
mately the same effectiveness as methyl 
bromide m the HRD system, and both were 
more efiectlve than carbon dmxlde on a 
we,ght bars 

10 The effectiveness of the HRD system 
depends upon the discharge of extmgushmg 
fluld at such a hrgh rate that the normal a= 
flow m a zone 1s drsrupted momentarily. and 
the mm 1s saturated with vapors of the 
agent 

11 The maxl~nurn elfect1veness of the 
HRD system 1s realleed by the use of short. 
straght, open-end lmes 

12 Fires which orlgmated on the under- 
s,de of the engme were more drfficult to 
extlngmsh than others m the same mane 

13 Fires can spread from Zone 1 to 
Zone 2 

14 Fires in Zone 2 can escape extm- 
gulshment by partially lodging behmd open 
lntercooler flaps 

15 Fires do not occur readily III Zone 4 
under flrght condrtlons 

16 Fires which do lodge ,n Zone 4 are 
the most dlfflcult to extmgulsh m the whole 
nacelle 
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17 Pockets m the underfloor ventllatmg 
duct are partly responsible for the dlfflculty 
Involved In extmgulshmg Zone 4 fxres 

18 A high rate of discharge 1s of prime 
vnportance m any arcraft estmgulshmg 
system 

19 AddItIonal full-scale arcraft testing 
must be done before defxute general recom- 
mendatlons can be made for the design of an 
HRD system 

20 A capsule type of extmgulshmg sys- 
tem shows promise and warrants further 
development 

Recammendatlons 

1 A sxnpler extmgmshmg system than 
the 28-nozzle arrangement should be used m 
the engine sectmn of the XR60-1 

2 In case of fire cowl flaps should be 
closed to assist the Zone 1 extmgmshmg 
system, provided the skm aft of the cowl 
flaps 1s stanless steel Othervase, the cowl 
flaps should be opened 

3 Conslderatlon should be given to the 
use of HRD systems rather than nozzle 
systems In large arcraft nacelles 

4 Methyl bromide, dlbromodlfluoro- 
methane, or carbon dloxlde rather than 
bromochloromethane should be used as the 
extmgulshmg flulds m HRD systems 

5 The extmgmshmg-fllud c ont a I n e r s 
should be located near the zones they are 
mtended to protect, and the tubmg runs 
should be kept as short and stravzht as 
possible - 

6 Extlneulshlne fluld should be 
dlrcharged Into all-protected zones 
simultaneously 

7 The mtercooler flaps should be closed 
as part of the emergency procedure, If there 
1s any posslblllty that fires may be able to 
lodge behmd them 

EMERGENCY PROCEDURES 

Purpose 
The purpose of the mvestlgatlon for 

emergency procedure was to study and 
evaluate the possible courses of actmn to be 
taken by the flight crew m the event of fire 
occurrmg m an airplane nacelle 

Procedure 
Whenever a series of tests was m 

progress, some of them were made with the 
cowl flaps open and some with them closed 
The difference m effect was noted In some 
tests, fires were extmgulshed by use of a 
fluld, and m others, fires were pernutted to 
burn out The necessity for the use of extm- 
gulshlng fluId was Judged on the basis of the 
results produced In each case FInally, time 

studies were made of various combmatlons 
of a&Ions to determIne the measures which 
would result m the fastest engme shutdown 

Results and Dlscussmn 
The closmg of cowl flaps durmg any 

engme-sectlon fire tended to spread the 
flames over a greater surface area, to retan 
more heat wlthln the nacelle, and to force 
fire Into the accessory sectlon By bemg 
restramed from escapmg to the outslde, the 
fuel and fire were forced agamst the dla- 
phragm and occasmnally Into the accessory 
sectIon The flames which escaped through 
the cowl-flap openmgs tended to stayclose to 
the accessory-sectmn skm and to penetrate 
It If possible These were the undesirable 
features of closmg the cowl flaps durmg a 
fire m the engme sectlo” However, the 
stamless steel skm on the accessory sectlon 
of the test mstallatmn kept out fires very 
effectively. and for this reason It was fea- 
sable to close the cowl flaps to facllltate 
extmgulshrnent 

It was found that fires would burn out 
whether flaps were opened or closed. pro- 
vlded that all flammable flulds could be 
stopped from flowing With the flaps closed, 
more of the flammable fluId was retamed m 
the zone and the fires tended to contmue for 
a longer period In several tests, fires 
burnmg 011 at an mltlal rate of 4 gpm were 
reduced m sxze by decreasmg the 011 flow to 
zero as the engme stopped turnmg All such 
fires burned out completely wlthm one mm- 
ute of engme shutdown Fires which were 
extremely large and hot and which extended 
beyond the trallmg edge of the wmg were 
extmgulshed wlthm five seconds of the tnne 
that the emergency procedure was mltlated 
and that the 011 supply was cut off completely 
This occurred whether the cowl flaps were 
opened or closed as part of the procedure 
Although the fires usually burned out com- 
pletely m the engme sectlon. they occa- 
slonally found their way Into the accessory 
sectIon Such compllcatmns are less likely 
to occur when cowl flaps are open 

Fig 28 demonstrates the effect pro- 
duced by opemng or cloamg the cowl flaps as 
part of the emergency procedure when at- 
temptmg to extmgulsh an engme fire These 
curves show the temperature-versus-time 
relatmnshxp at one pomt m the openmg of 
cowl flap No 2 durmg four successive 011 
fires orlgmatmg m the engme. approxxnately 
17 Inches forward of the flaps Time 1s re- 
corded from the start of each 011 fire Each 
curve shows the rapld mltlal rise to the 
maamum wlthln ten seconds from the start 
of the Are, at which txne the emergency 
shutdown procedure was lmtlated In three 
nf the fires, the 011 was fed at arate of 4gPm 
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and ,n one at 3 gpm Curve No 1 1s a record 
made while the cowl flaps were kept at 75 per 
cent, which was “early wde-open, all during 
the test Curve No 2 differs from No 1 only 
I” that the cowl flaps were opened 25 per cent 
until emergency actxon was mltlated, atwhlch 
tune they were opened 75 per cent Note the 
sm-nlarlty of these curves Curve No 3 IS 
the record of a 3-gpm 011 fire test dunng 
which the flaps were opened 25per cent until 
emergency a&o” closed them completely 
Curve No 4 differs from No 3 only I” the 
quantity of 011 which 1s 4 gpm Instead of 3 
gpm Note the sumlarlty of these curves 

By comparing Curves Nos 2 and 4. It 
~111 be seen that 1” the case where the cowl 
flaps were opened as part of thus procedure 
(Curve 2) the temperature returned to amblent 
very qmckly, but, where the cowl flaps were 
closed (Curve 4), It ~111 be see” that the 
temperature dxmmshed slowly In each case, 
the ml flow was reduced sx”ultaneously with 
the progress of the shutdown procedure so 
that the 011 flow was zero by the time the 
e”g,“e was stopped (eight seconds after the 
start of emergency procedure) If the supply 
of ml had not bee” reduced to zero, the fire 
would have contmued to burn and the size of 
the fire would have depended upon the amount 
of 011 avaIlable for burmng 

The fact that opening of the cowl flaps 
tends to cool the sectlo” quckly and tends to 
reduce the posslblllty of spreadmg the fire 
Into the accessory sectlo” does not mean 
that openmg the flaps 1s necessarily the best 
course to follow If the arcraft 1s equipped 
with a Zone 1 extmgmshmg system When 
the diaphragm 1s an effectwe barrier, when 
the accessory-sectmnskm 1s stamless steel, 
and when a Zone 1 extmgushmg system 1s 
provided, the” the cowl flaps could be closed 
d u rl n g the emergency procedure Such 
actmn would be preferable because rt would 
facllltate extmgushment I” Zone 1 This 
was demonstrated durmg the extmgulshmg 
tests 

Because e”g,“e fires contmue to burn 
as long as flammable fluld 1s bang fed to the 
fires and because the longer a fire burns the 
more damage It does, It appears desirable to 
provide a Zone 1 extmgushmg system 

It 1s also always dearable, eve” when 
a” adequate extmgulshlng system 1s provided. 
to stop or reduce the flow of flammable fluds 
before dlschargmg the extmgulshlng flud 
There are two reasons for this (1) extm- 
gulshment 1s facrlltated, and (2) the chances 
for flashback after discharge aremmmuzed 

Shutoff valves I” the fuel, hydraulrc 
flurd, lubrlcatmg 011, and any other lines 
which could supply flammable fluds to a fxe 
should be closed as part of a” emergency 

Fig 28 Curves Showrng the Effect of Cowl- 
Flap Openmg or Closmg on Engme- 
SectIon Temperature During 
Fire-Extmgu~shmg Procedure 

procedure In addltmn, the engme should be 
stopped so that It w,ll cease to pump 011 and 
Will cool off, thus starvmg the fire and 
ellmlnatlng a source of relg”1tlo” stopping 
the engine usually involves feathering of the 
propeller as well as some other actlon or 
actmns 

Tests were conducted to deterrmne the 
most expedltlaus method of stoppIng a” en- 
gme The results of this mvestlgatm” are 
shown I” Table VII 

The test condltlons were as follows 
cowl flaps were mamtarned 25 per cent open, 
the englne was operated at 1450 rpm with a 
torque pressure of 100 psi, and each test was 
begun when the cyhnder-head temperature 
reached 350-F All actmns mvolved I” any 
one test were slmulta”eous The wmd tunnel 
was not used I” the first 14 tests because the 
ar blast furmshed by the tunnel would have 
caused the eng,“e to wndmrll, except I” those 
tests where the propeller was feathered, and 
thus would have prevented a direct compare- 
so” of the various combmatmns In the last 
three tests, the wmd tunnel supplaed a” ar 
blast of 110 mph 

Table VII shows that by amply moving 
the mixture control to Idle-cutoff posrtmn or 
by performmg this a&on plus closmg the 
throttle the engine stopped turnmg m 14 or 
15 seconds (Tests 1 and 2) Glosmg the fuel 
valve I” addrtmn to elther of these actmns 
did not reduce the tune appreaably (Tests 3 
and 4) Turnmg off the lgnltm” switch was 
also of neglrgrble value as long as the mix- 
ture c ont r 01 was I” Idle-cutoff posltmn 
(Tests 5 and 6). but this step v/as of prune 
importance when the nnxture control was 



32 

Tesl 
NO 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Mixture at 
Idle Cutoff 

x 

x 

TABLF VII 

TIME REQULRED TO STOP TEST ENGINE 
BY VARIOUS CONTROL COMBINATIONS 

Throttle Fuel Valve Propeller Ignltlon Methyl Bromide T1Xle 
Closed Closed Feathered Off ln Carburetor (seconds) 

x 

x 

x 

x 

x 

x 

x 

x 

x 

Y 

x 

Y 

x 

x 

Y 

x 

x 

Y 

x Y x 

x 

x x 

x Y x 

x Y 
. 

x x x 

not mvolved For instance, when actIon was 
lmnted to closure of the fuel valve (Test 13) 
the engme contmued to run for 41 l/2 seconds 
with a great deal of unevenness and back- 
firmg Test 7 shows that when the lgmtmn 
was turned off at the same time that the fuel 
valve was closed, the results were compa- 
rable to those obtamed by puthng the mixture 
control into Idle-cutoff posltlon (Test 1). and 
no time was saved by addmg this step to the 
others (Test 6) 

When the propeller was feathered at 
the same trne that the mixture control was 
placed I” Idle-cutoff posltmn (Tests 8 to 11, 
15. and 16). or at the same time that the fuel 
valve was closed and the lgnlt,on was off 

15 0 

14 0 

14 5 

13 5 

14 0 

15 0 

15 0 

90 

80 

60 

80 

14 5 

41 5 

47 0 

70 

72 

73 

(Test 17). the t,me was reduced to about 7 to ’ 
9 seconds 

The extmgushlng a g en t discharged 
,nto the mduct,on system was of httle value 
in retardmg the engine, as shown by a corn- 
parlson of Tests 5 and 12 In fact, when 
methyl brormde was discharged Into the car 
buretor at the same tune that the fuel valve 
was closed (Test 14), the englne contmued to 
run longer than It had without the methyl 
bromide (Test 13) The wmd-tunnel air blast 
combmed with propeller feathermg had a 
marked effect on the performance trne, as 
shown by Tests 15 to 17 which were the only 
ones of the series in which the wind tunnel 
was used 
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In brief, the engme could be retarded 
most quickly by adJustmerit of the mmture 
control to Idle-cutoff posltlon or by closmg 
the fuel valve and turmng off the lgmtlo” 
The time was not reduced by completing all 
of these three actlons at once, but the latter 
two were desirable m any event Feathermg 
was most effective and highly Important. 
The discharge of extlngushmg fluid Into the 
mductmn system was of no value with respect 
to time 

The control panel for the XR60-1 test 
mstallatlon. as received from the manufac- 
turer. Incorporated an emergency switch 
which made It poss,ble to accompl,sh all of 
the followmg operations by one actlon shut 
off the fuel, hydraulic flud, and 011 valves. 
open the cowl flaps, set the extmgushmg- 
system directional valves, and feather the 
propeller lmmed~ately before that actlo”. 
It was necessary to move the mixture con- 
trol to Idle-cutoff posltlon and to close the 
throttle As soon as the engme stopped 
turnmg, the ertmgu,shmg fluld was dls- 
charged as a separate actlon ‘llns smphfled 
procedure was a step I” the right dlrectlon, 
but efforts should be dlrected toward the 
achievement of an even simpler and more 
effective procedure 

In view of the fact that fuel shutoff 
when combmed with engme-lgnltlon shutoff 
was Just as effective m reducmg the engme 
speed as adjustment of the mixture control, 
there would be no need to operate the latter 
Since the throttle control would not need to 
be operated either, the emergency shutdown 
system could be entirely electrIca The 
extmgmshlng-flud discharge operation could 
be included wrth the aId of a tumng device to 
delay the actIon u”tll the engine stopped, or 
the operation could be left to be completed at 
the dlscretlon of the crew 

Every precaution should be taken to 
assure that all parts of such a system can 
wlthstand fire for a matter of mmutes The 
propeller-feathermg mechamsm especmlly 
should be well protected, since so much de- 
pends on engrne stoppage. as prevlaus fire 
mvestigatlons have revealed 5 Solenmds and 
motors would be conslderably more heat- 
reslstant If coveredwIth some material such 
as FRS-10 or Albl-RX All wlrn-vg should be 
of the best avarlable heat-resIstant type 

All of the efforts heretofore described 
m this part of the report were dlrected 
toward the control of fires which orlgmated 
wlthln the engme section This sectlo” IS 
Particularly h a e a r do u s because both the 

5 Tarbell and Keeler, op at 

flammable fluids and the means to lgmte 
them are always present when the engme IS 
operatmg But fires are not llmlted to this 
se&on They may orIginate mthe accessory 
se&on, I” the turbosupercharger sectIon 
which is under the accessory sectlon, or I” 
other places Such f,res could occur as a 
result of firespreadmg from the engine sec- 
tlon, as a result of overheatmg or arcing of 
some accessory, or by leakage of flammable 
fluids mto the turbosupercharger sectmn In 
reahty, It 1s all one problem, and while atten- 
tlon was centered on determmmg the needs 
for ape region at a time, It was necessary I” 
most cases to take adJolnlng regions Into ac- 
count In an actual emergency m fhght, It 1s 
not always possible to tell where the fire 1s 
located and It IS not really necessary that the 
location be defimtely establlshed Whatever 
emergency action 1s taken should be effective 
regardless of the place where the fire 1s 
centered Closmg of flammable-flud valves, 
for mstance,ls a” effective measure regard- 
less of the precise locatlon of the fire m a 
nacelle 

Flames escapmg from the accessory 
sectlon tended to hang behmd the open mter- 
cooler flaps When extmgushmg fluid was 
discharged wIthI” the accessory sectlon. 
these fires behmd the mtercooler flaps were 
unaffected Although the fire wlthm the zone 
had been extmgushed, It was relgmted wlthln 
a few seconds by the fire St111 hanging behmd 
the flaps With the flaps closed there was no 
proJectIon from the nacelle surface behlnd 
which fires could hang, and therefore this 
reignltlon source was elimmated Smce the 
closing of the flaps had no adverse affects, 
this action should be included as part of the 
procedure 

Previous tests on other mstallatlons 
showed that, “coohng a,= should flow through 
the entlre ml cooler at all times durmg a 
fire u6 However, there 1s no 011 flomng In 
the ~~60-1 mtercooler. and If fire should 
damage the Intercooler. no additIona oil 
would be added to the fue 

In summatmn, much 1s gamed by 
proper procedure when fires occur I” an 
arcraft power plant Valid reasons were 
fou”d for opening the cowl flaps and for 
closing them When the flaps are opened the 
zone tends to cool more quckly, the leaking 
fluids have a greater opportumty to escape 

6 A W Dallas and H L Hansberry, 
“Deterrmnabon of Means to Safeguard Air- 
craft from Power Plant Fires I” Fhght, 
Part I,” CAA Techmcal Development Report 
No 33, September 1943. p 38 



Fig 29 View Showmg the Course of a 4-gpm 011 Fire When the Cowl Flaps Are Open 

and there 1s less danger of spreadmg the 
fire and forcmg It Into the accessory sectmn 
through the diaphragm Fmally, the flames 
leavmg the cowl flaps depart from the skin, 
thereby decreasmg the posslblhty of the,= 
entermg the accessory se&on elther as a 
result of the destruct,on of the skm or as a 
result of lnflltratlon through louvers Eig 29 
shows how the flames of an engine f,re tend 
to depart from the skm when the cowl flaps 
are open The opemng of these flaps 1s an 
effective measure when no extmgulshmg 
system 1s avaIlable III the eng,ne compart- 
ment When one 1s avalable III Zone 1 and 
,n the accessory sectlo,, also, there IS a 
deflmte advantage gamed by closmg the cowl 
flaps before dlschargmg the evtmgushmg 
agent If fire should spread to the accessory 
sectmn, the sxnultaneous dlscharge of the 
agent Into all nacelle zones would counteract 
any Ill effects 

As to the need for a fire-extmgulshmg 
system for an engme sect,on. the md,catmns 
were clear Whole It was possible to demon- 
strate that fires in this sect,onwould burn 
out wulthout the aId of extu,guxhmg flmd, the 
condltlons under which th,s occurred ,.,ere 
not necessarily typrca1 In these tests, the 
f,re fuels were -der complete control But 

since there 1s no way of guaranteemg that all 
flud flow can be stopped from feedmg an 
actual arcraft fire, a more posltlve means 
of extmgmshment should be available, and 
this means that the zone should be protected 
with an effective extmgulshmg system 

In the excitement of an unexpected fire 
I,, flight, the crew members must not be re- 
qulred to perform a large number of opera- 
tmns. especially ,n a flxed sequence They 
should be able to put Into effect all the dlf- 
ferent operatmns conducive to successful 
extmgwshment with one or two snnple 
actmns If the des,red result can be accom- 
pllshed III this manner. It IS not even neces- 
sary that they know how many operatmns are 
Involved or why they are performed The 
design engmeer should reheve them of th,s 
analytical process 

The tests mdlcated that mxnedlate 
stoppmg of the engxne 1s an effective step u, 
the control or extmgushment of fires and 
that certam operatmns were more effective 
than others in brmgmg this about The es- 
sentlal operatmns mvolved rmxture control, , 
or fuel and ,gn,tmn shutoff. and propeller 
featherrng All flammable-fluid valves 
should be closed to prevent flow of flmds 
which ~111 not be stopped by stoppmg the 
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engme. and the main electrIca system 
should be turned off to remove possible 
electrlcal Ignltlon sources 

Closure of the intercooler flaps In the 
. test mstallatlon was found to be a desirable 

actlon because It ellmmated a place for re- 
sldual fires to hang and, consequently. one 
possible source of flash backs The 011 
coolers presented no fzre problem even 
though the ducts le adIng to them were 
sometImes in the fire path 

1 Englne f1re.s ~~11 burn out whether 
cowl flaps are opened or closed, provided 
that all flammable flulds can be stopped from 
flowng 

2 Closure of the cowl flaps Increases the 
posslblhty of forcmg a Zone 1 fire Into Zone 
2. but It also assists a Zone 1 extlngulshmg 
system to extmgulsh Zone 1 fires 

3 Stopplng the flow of flammable flulds 
ads extinguishment and decreases the pos- 
slblllty of a flashback after the etimgulshmg 
system has bee” discharged 

4 Stoppmg the engme prior to discharge 
of the arcraft eatlngulshmg system facllltates 
extmgu~shment 

5 An engine may be stopped most quickly 
by feathermg the propeller and pursuing 
either or both of the following courses of 
a&Ion (1) adJuStment of the rmxture control 
to Idle-cutoff posItIon, or (2) closmg the fuel 
valves and turnmg off the lgrntlon 

6 Closure of the mtercooler flaps re- 
moved a relgrntlon source for Zone 2 fires 
m the XR60-1 power plant 

7 Emergency crew actIon m the event of 
a fire I” flight should require only one or two 
simple steps 

6 A slmplihed emergency control panel 
was feasible 

Flecommendatlons 

1 Inan mstallatlon havmg stamless steel 
skm covering the accessory se&Ion, a sound 
diaphragm, and a Zone 1 extlngulshlng sys- 
tem, the cowl flaps should be closed as part 
of the emergency procedure 

2 In an mstallatlon lacking a Zone 1 
extlngmshmg system or lackmg stanless 
steel skm around the accessory sectlon, the 
cowl flaps should be opened as part of the 
emergency procedure 

3 In the event of an engine fire In flight. 
the affected engme should be stopped as 
quickly as possible and not restarted until 
after the alrplane lands 

4 In the event of an engine fire III fhght. 
all flammable-flmd valves should be shut off 

5 Intercooler flaps should be closed as 
part of the emergency procedure in the case 
of the ~~60-1 

6 Eutmgulshlngfluldshould be discharged 
Into all potential fire zones simultaneously 
regardless of the location of the fire which 
1s to be extlngmshed 

7 The fire emergency panel should be as 
simple m arrangement and as foolproof as 
possible 

MATERIALS AND DESIGN 

Purpose 
The mam purpose of this mvestlgahon 

was to evaluate the fire safety and fire re- 
slstance of the design of the power plant, the 
orlgmal materials used, and any changes I” 
design or new materials introduced m the 
course of the program 

Introductron 
The power plant of the ~~60-1 test 

lnstallatlon was well-constructed for with- 
standlng severe fires This 1s evidenced by 
the fact that 2010 fires were started InsIde 
the nacelle m the course ofthe test program 
Same of the fires were small, for all tests 
did not require large fires Even small fires 
repeated at the same point can be damagmg 
The large fires naturally were much more 
destructive both to the InsIde and to the out- 
side of the nacelle Many parts had to be 
replaced to keep the power plant III operation 
Where parts were destroyed and no replace- 
ments were avallable, It was necessary to 
lmprovl se Toward the end of the prog*am, 
because of a lack of materials and a reluc- 
tance to spend the tnne makmg repalrs, 
some of the systems became InoperatIve 
Tests were arranged to fit the condltlons 
At the end of the program, the englne was 
still operatmg and the basic nacelle structure 
was intact 

Procedure 
In the course of the regular fire-test 

program for the development of fire- 
detecting and fire-extlngulshmg systems, 
certam weaknesses were revealed and 
changes in deslg” and materials were made 
as the sltuatlon demanded 

Results and Discussion 
One of the most vulnerable parts of 

the lnstallatlon was the metal pan under the 
engme Tlus pa” was actually the upper part 
of the man air scoop It was made of alumr 
num alloy and strengthened by aluminum- 
alloy rtbs which were exposed III the engme 
zone Moderate-sized fires, If they orlgl- 
“ated on the undersIde of the engme. could 
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Fig 30 View of Pan Under Engine After Fire 

burn through the alummum alloy wlthln a few 
seconds 

While the metal Itself has little rests- 
tance to fire, the ribs were partly respon- 
sable for Its rapid deterloratlon The ribs 
acted as lateral barriers which trapped 
fuel, caused turbulence In the air passing 
over them, and provided shelter for fires 
The dramage faalltles were Incapable of 
removmg even moderate quanbtles of leaklng 
fuel or 011, and the hazard was compounded 

Three severelydamagmgfires occurred 
under the engine before corrections were 
made mthe design One ofthese fires started 
as a result of the engme backflrmg and 
breakmg open 011 lines and then Ignltlng the 
011 The all could not dram away, and the 
flames were partially shlelded by the ribs 
from the blast of air entermg the zone The 
fxre was dlfflcult to detect and even more 
dlfflcult to extmgulsh, and m a very short 
time It burned through the pan mto the man 
air scoop See F’lg 30 

A lmer of sheet copper was mstalled 
to cover the ribs and form asmooth surface 
Copper was used because It could be shaped 
easily In productlon, stanless steel would 
probably be used A 1 l/2-Inch diameter 
dram hole was provided m the center of the 
pa* 

The smooth surface under the engme 
was found to assist Zone 1 extmguwhment. 
and all of the engme cowlmg was lmed to 
elxmnate rlbbed surfaces The hners were 
not needed to prevent destructlon of the 
upper cowlmg. because there was very little 
tendency for the fire to damage It except 
where theupper cowlmg mated with the lower 

Normally. the rubberleed fabric seal 
between the upper and lower cowhng pre- 
vented fires from escaping through the JOlnt 
However, from constant openmg and closmg 
of the cowling and exposure to fire, the 
sealmg material became worn and charred 
to the extent that fire did penetrate The 
orlglnal material was replaced by Sllastlc 
X-1740 See Fig 30 

In surveymg the damage which resulted 
from the pan fire previously described, It 
was found that the Sllastlc had been blackened 
and charred, especially along sharp, squared 
edges, but It appeared to retan some resell- 
ence It would crack when bent sharply, and 
hardened portions when brokenoff and rubbed 
between the fingers felt like sand A bubble 
was formed In one place and when broken 
open was still reslllent on the mslde The 
material effectively prevented the fire from 
escapmg through cowlmg Jomts 

Supplementary bench tests were made 
of this material under controlled condltlons 
One side of a sheet l/8 Inch thick was ex- 
posed to a 2000’ F flame for 15 mmutes 
Only that portlon of the material which had 
been In contact with the flame was hardened 
to a depth of approxxnately l/16 Inch The 
remalnmg l/16 Inch was still fairly pliable 

This material may be found sultable 
where flexlblhty and fire resistance are de- 
sIred man arcraft nacelle and for numerous 
other appllcatlons such as seals, grommets, 
and duct connectlons 

Some of the parts which flret needed 
replacement as a result of Zone 1 fires were 
the cowl flaps, particularly the actuatmg 
horns The alummum-alloy flaps were re- 
placed with sheet Iron and the horns with 
bronze castmgs Although the actuatmg 
motors for the flaps were not located In 
Zone 1, they were damaged by Zone 1 fires 
and had to be rewound The motors located 
behmd the diaphragm were damaged ather 
by fire or by intense radiant heat which 
penetrated the diaphragm 

In this particular power plant, fires 
were extlngulshed with f 1 aps opened or 
closed, so that precise control of cowl-flap 
opemng was not crItIca In other alrcraft 
with alummum skm aft of the fire wall, cowl- 
flap control can be essential Large cowl 
flaps were used on the test mstallatlon durmg 



Fig 31 011 Fire (3-gpm) I” Power SectIon of XR60-1 

some of the tests m an effort to see what 
effect full-closmg flaps would have on Zone 1 
extlngulshment Unfortunately, the flaps did 
not form a true seal and some of the flames 
escaped Extmgulshmg fluId was more effec- 
tlve m Zone 1 when discharged with the flaps 
closed In this manner than when discharged 
with the flaps open On the basis of the tests 
conducted It IS not known whether fluId dls- 
charged at the front of the zone would purge 
the zone If the flaps formed a tight seal. 
although It IS possible that the most effective 
extmgmshment could be obtamed m thus way 

When the flaps were closed or nearly 
closed, the flames spread over the accessory 
sectlon skin This dxd not damage the test 
mstallatlon because the shn was stamless 
steel The fillets between the nacelle and the 
wmg were alummum alloy and were damaged 
Since the flames leaving the cowl-flap 
openmgs lmpmge on the wmg surfaces aft of 
the leadIng edge for a distance of about two 
feet out on either side of the nacelles, stam- 
less steel should be used to cover the wmgs 
In this area exposed to the flames 

The entrances to the all-cooler ducts 
were located In the leadmg edge of the wmg, 
one on each side of the nacelle and approxl- 
mately ten Inches from It Flames of large 
fires enveloped the duct entrances but did 
not appear to be drawn Into the ducts to any 
extent See Fig 31 To be out of the paths 
of fire, the duct entrances would have to be 
at least 18 mches from the nacelle Subse- 
quent study of the 011 coolers falled to show 
any effects of fire, possibly because the 011 
coolers were 3 or 4 feet aft of the duct 
entrances The flaps at the outlets of the 
all-cooler ducts were far enough downstream 
that the fires did not reach them 

‘Ibe fores along the sides of the nacelle 
burned holes through the lntercooler flaps, 
but this gave no cause for concern The man 
dlfflculty with these flaps was associated 
wrth accessory-sectlon fires which could 
spread behmd them, escape extmgmshment 
by the agent discharged m the accessory 
sectlon, and then relgnlte the orlgmal fire 
7h1s necessitated closmg of these flaps prmr 
to Are extlngulshment 
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The construct,on of the accessory 
sect,o” was such that there was a m,“,mum 
movement of a,= through the zone at all 
t,mes Conseq”e”tly, the f,re s co”f,“ed 
str,ctly to th? zone dtd not exceed a certan 
max,mum s,ze and were extl”gu,shed w,th 
equal fac,l,ty regardless of whether large or 
small quant,t,es of fuel were ,“volved 

Ext,“gu,shme”t of f,res I” Zone 4, the 
regm” under the floor of the accessory sec- 
tm”, was extremely d,ff,cult The contamed 
ducts were des,g”ed to prov,de vent,lat,on 
and cooling for the whole reg,o”, but I” the 
pr oc e s 5 of f,tt,“g the ducts I” with the 
“arlous components, pockets were bu,lt I” 
““,“te”t,onally One of these pockets ,s 
,“d,cated as A ,” Fig 27, and “ear that ,s a 
larger pocket ,“d,cated as B These pockets 
were “at well-ve”t,lated, and ext,“gu,sh,“g 
flu,d Introduced at the entrances to the ve”- 
t,lat,“g and cool,“g ducts d,d not penetrate 
them As a consequence, complete extm- 
gu,shme”t of f,res ,” Zone 4 could be accom- 
phshed only by d,scharg,ng addlt,onal 
quant,t,es of flu,d d,rectly ,nto the pockets 
Such measures resulted I” a campl,cated 
ext,“gu,sh,ng system 

The eng,“e a,1 tank before be,ng I”- 
stalled ,“the nacelle had beengIven aspeaal 
cover,“g to protect ,t from aamage by f,re 
The cover,ng, developed by the LockheedA,r- 
craft Corporatmn, cons,sted essentmlly of 
Refras,l Rbre-glass cloth andaf,re-resmtant 
seahng compound called FRS-10 apphed I” 
alternate layers and properly cured 

The 011 tank occup,ed a pos,t,on on the 
left s,de of Zone 2 When fires were ,gn,ted 
I” that zone. the tank was always exposed 
Many f,res were started “ear the tank not 
only because ,t seemed to be a reallstlc place 
for the”, to start, but because hres orlgmat- 
,“g “ear the tank were more d,ff,cult to 
eat,“gu,sh than those or,gl”at,“g at other 
pants I” the zone 

After exposure to over 400 gasohne, 
hydraul,c flmd, and 011 fires of var,ous s,zes, 
the tank was st,ll undamaged There 1s no 
way of k”ow,“g how mnportant the covering 
was ,I, keep,ng the tank Intact, because no 
unprotected tank was subjected to the same 
cond,tlo”s However, ,t has bee” demon- 
strated that a” unprotected al tank nearly 
full of ml, as the tank was dur,ng the tests, 
Will fall only after several rmnutes of con- 
t,nuous exposure to f,re’l The tank I” Zone 2, 

7 J J Gassmann, “Investlgatmn of the 
Vul”erab,l,tyof A,rcraft Eng,ne 011 Tanks to 
Accessory Sect,o” F,res.” CAA Techn,cal 
Development Report No 159. Feb 1952 

although subJected to f,res many t,mes, was 
not exposed to more than a one-half minute 
f,re I” any s,ngle test 

Refras,l cloth and FRS-10 were also 
apphed to the Y-duct wh,ch goes ,nto the 
carburetor These materials were appl,ed 
under d,ff,cult work,ng co”d,t,ons wh,le the 
duct and carburetor were I” place ,” the 
nacelle In sp,te of th,s fact, the duct re- 
maned undamaged ,” any way by the fires to 
wh,ch It was exposed 

F,re-res,sta”t hoses p r o du c e d by 
Aeroqu,p Carporatmn and f,reproof flemble 
metal hoses produced by T,teflex, lncor- 
porated, were used I” Zone 2 throughout the 
tests The Titeflex hose wh,ch carr,ed gaso- 
lme was known to be exposed to the ma,” 
body of f,re by the erratic actlo” of the 
engme The f,re appeared to starve the 
eng,“e temporarily and cause ,t to operate 
unevenly At the end of the tests both types 
were undamaged After removal from the 
e”g,“e, they were subJected to pressures up 
to 1000 PSI w,thout failure 

Durmg the detector tests, two types of 
w,re were used to connect the detector un,ts 
Both of these were used when the Fenwal 
detectors were ,“stalled On the r,ght s,de 
of the nacelle. Fig 3B, Rockbestos F,reeone 
w,re was used, and on the left s,de, F,g 3A. 
lnconel-covered w,re was used The latter 
cons,sted of aNo 18 t,nned-copper conductor 
covered w,th glass bra,d and a wall of felted 
asbestos w,th glass-yarn bra,d both sh,elded 
with seamless Inconel tub,ng of l/8-,nch 
,“s,de d,ameter (ID) and 0 OlO-Inch wall 
th,ckness Th,s w,re 1s a patented Metal 
Sh,elded W,re manufactured by Umform 
Tubes of Collegev,lle. Pa The tub,“g not 
only prowded protect,“” for the ,nsulatlon on 
the w,re dur,“g a fire but also protect,o” 
aga,nst mecha”,cal damage, and at the same 
t,me ,t lent stiffness to the w,re wh,ch made 
It easy to support 

F,res ,mp,“ged directly an both types 
of wire many txnes before any deterlorat,o” 
was ev,de”t Eventually the ,nsulat,on on the 
F,rezo”e w,re hardened and chipped off 
leamng the bare wire exposed If the ,nsula- 
t,on on the other w,re d,d the same. ,t was 
not apparent because the tub,ng held ,t I” 
place E,ther of these types of w,re would 
be able to w,thsta”d the effects of fire long 
enough to tra”sm,t a f,re s,gnal ,f the 
,“sulat,o” had not been damaged prev,ously 

Tests were made of the effect,veness 
of Alb,-RX ,n protect,ng equ,pment on the 
e”g,“e Where ,t was apphed to metal sur- 
faces ,t rema,ned ,“tact and was not affected 
by eng,“e heat On rubber, such as the ,gm- 
tlon harness leads, the mater,al had poor 
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adherence character,st,cs and ch,pped ex- 
tenslvely leaving the leads unprotected Lin 
all surfaces where the adherence was good, 
the mater,al fluffed up ,nto a fairly th,ck 
protect,ve coat,ng durmg fires 

As a result of constant observatmn of 
changes made and materials substituted 
dur,ng the program, the followmg conclus,ons 
were reached 

1 The pan under the eng,ne had three 
weaknesses (a) the alummum alloy of which 
the pan was made was not f,re-res,stant, 
(b) the lateral r,bs caused turbulence of the 
a,r and prevented rap,d dra,nage of accumu- 
lated fuel and ml, and (c) dranage from the 
pan was ,nadequate 

2 The or,g,nal rubber,zed fabr,c used as 
a seahng material between the upper and 
lower parts of the cow1,n.g was fa,rly effec- 
t,ve ,n retammg f,re w,th,n the eng,ne sect,on 
as long as the fabr,c was free from breaks 

3 Sllast,c X-1740 made a” effective 
seal,ngmater,al because of ,ts f,re res,stance 
and res,l,ence 

4 Alummum-alloy cowl flaps were dam- 
aged by engme-se&on f,res 

5 A large engme-sect,on f,re could 
I damage cowl-flap actuat,ng motors located 

aft of the d,aphragm If the f,re cont,nued for 
a long per,od w,th the flaps m a closed or 
sermclosed pos,t,on 

6 The stainless steel used as sk,n 
mater,al aft of the cowl flaps effect,vely 
prevented f,res wh,ch emerged from the 
cowl flaps from burn,ng through the sk,n and 
entermg the accessory sect,on 

7 The flames emerg,ng from the cowl 
flaps, although they enveloped the oil-cooler 
duct entrances, d,d no ser,ous damage to the 
0,l coolers 

8 The lntercooler flaps, under certain 
cond,tmns, can camphcate the ext,ngu,sh,ng 
problem by provld,ng a sh,eld beh,nd which 
extens,ons of a Zone 2 f,re can pers,st 

9 Pockets ex,st ,n Zone 4 where small 
fires can persist and compl,cate the 
ext,ngu,shment problem 

10 The protect,ve cover,ng of Refras,l 
cloth and FRS-10 was effect,ve ,n prevent,ng 
the 0~1 tank and the Y-duct from f,re damage 

11 F,re-res,stant Aeroqu,p hose and 
T,teflex flex,ble metal hose were relat,vely 
undamaged by the numerous f,res to wh,ch 
they were subJected 

I2 Rockbestos F,rezo”e wire ,s suff,- 
clently f,re-resistant to be used in connect,ng 
f,re-detector systems electrically 

13 lnconel-covered heat-res,stant Metal 
Sh,elded W,re was suff,c,ently f,re-res,stant, 

abras,ve-res,stant. and st,ff to be su,table I” 
f,re-detector systems 

14 Alb,-RX adhered to metal parts ,n 
the eng,ne sect,on and protected them from 
f,re. but ,t chipped aff and gave httle 
protectmn to rubber parts 

Recommendat,ons 

1 The ,nternal surface of the cowl,ng, 
espeaally underneath the eng,ne, should be 
made aerodynamically clean 

2 Somemater,almoref,re-res,stant than 
alum,num alloy should be used underneath 
the eng,ne 

3 Adequate dranage fac,l,t,es should be 
mcorporated ,n the eng,“e sect,on to dram 
accumulated fuel and 011 rapldly 

4 S,last,c X-1740 should be given con- 
s,derat,on for use as fire-res,stant seahng 
mater,*1 where flea,b,l,ty 1s des,red 

5 In add,t,on to ,ts use as nacelle Sk,“. 
stanless steel should be used to cover the 
w,ngs w,th,n two feet of the nacelle 

6 Pockets ,n Zone 4 should be vent,lated 
so that f,re cannot pers,st ,n them or should 
be handled as ,nd,vldual f,re-extmw,sh,w 
problems 

7 FRS-10 when used alone or w,th 
Refras,l cloth should be considered as a 
f,re-protective cover,ng on any accessor,es 
and components wh,ch may be subJected to 
abras,on 

8 Alb,-RX should be cons,dered for use 
as a f,re-protective coating for metal 
surfaces which are not sublect to abrasion 

9 Flex,ble connectvans for the ma,” fuel 
and ml 1,nes should be as f,r eproof as 
poss,ble 

10 F,re-res,stant w,re such as the 
FIrezone or lnconel-covered w,re should be 
used ,n f,re-detector systems 

IGNITION SOURCES 

Purpose 
The purpose of these ,nvest,gat,ons 

was to determme the locatmns with,” the 
nacelle of any areas wh,ch appeared to be 
hazardous from the standpomt of f,re ,gnlt,on 
and ,f possible to el,m,nate the sources of 
such hazards 

Procedure 
The ,nvest,gat,ons Were carr,ed on 

dur,ng the program before f,re tests were 
conducted ,n each zone or whenever results 
,nd,cated that lgn,t,o” was occurr,ng ,n some 
manner wh,ch was not clearly understood 
To accompl,sh th,s phase of the program 
avlatlo” gasol,ne, aircraft hydraulic flu,d, 
and hot lubr,cat,ng ml were released ,n 



Test 
NO 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Engine 

(*pm) 

1450 

1450 

1450 

1450 

1450 

1450 

1800 

1800 

1800 

1800 

1800 

1800 

C ylmde r - 
Head Tem- 

perature 
(degrees F) 

450 

460 

450 

450 

450 

4oot 

4oot 

4oot 

4oot 

450 

450 
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TABLE VIII 

IGNITION SOURCE TESTS 

Cowl- 
Flap 

Opening 
(per cent) 

25 

Tunnel 
Air 

Speed 
(mph) 

Fluld 

110 011 

25 0 011 

25 Just 011 Cylmder 
Starting No 2B 

25 011 

25 011 

25 011 Man 
Bank 1 

Not 
Pertment 

Gasolme Exhaust 
and Elbow 
Hydraulic 
Fluid 

Not 
Pertinent 

Gasolme Floor De- 
and pressmn 
Hydraulic 
Flud 

Not 
Pertment 

Gasolme Through 
and Louvers 
Hydraulic 
Fluld 

Not 
Pertment 

110 

0 

0 

110 

110 

110 

110 Gasolme Zone 2 
and Hole 
Hydraulic 
Fluld 

Not 
Pertment 

0 to 110 Gasolme Heat- 
and Exchange 
Hydraulic Duct 
Flmd 

Not 
pertinent 

0 to 110 Gasolme Inter- 
and cooler 
Hydraulic and 
Fluld Stack 

Fluld 
Orlgm 

Crank- 
C.XS& 

Cylmder 
No 2B 

Cylmder 
No 2B 

Shroud 
Bank 2 

FluId 
Flow 

(gpm) 

25 

20 

20 

20 

0 to 4 

0 to 4 

lg”ltlon 

NO 

Yes 

Yes 

NO 

Yes 

Yes 

028t 6 No 

0 28 + .6 No 

028t 6 No 

0 28 + 6 Yes** 

028t b No 

028+.6 No 

+ Crankcase between banks 2 and 3. 

*+lgmtmn occurred only after engine shutdown. 
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spray form at selected pomts near the engme 
and accessones wh,le normal and abnormal 
operatmg condltlons were I* effect 

Results and Dlscuss~on 
The recommended maximum tempera- 

ture of the eng,ne cylmder head was 475’ F 
All the regular arcraft flammable fluds 
could be lgnlted on the hot exhaust stacks 
when cylinder-head temperatures were less 
than this allowable maximum The ease with 
which Ign,tmn took place was mfluenced by 
other factors These were the engmc speed, 
the per cent of cowl-flap opemng, the speed 
of the al= supplled by the wulnd tunnel, the 
location of the source of the flammable flud, 
the quantity of flud mvolved, the rate of flud 
discharge. and the flud Itself 

The results of th,s phase of the ~nves- 
tlgatlon are g,ven lr, Table VIII None of the 
tests xn this table show gasolme alone as the 
test flud, but prelmmnary mvest,gatmns of 
sources of ,gn,t,on proved that gasolme could 
be lgnlted onthe engme exhaust stacks under 
many air-flow condltlons and eng,ne settmgs 
Tests Nos 1 to 6 ,nvolve the use of hot 
(200” F) 011 and are sxmlar xn all respects, 
except for the amount of a,= furmshed by the 
wmd tunnel The tendency to ,gmte seemed 
to be reduced by Increased a,r flow through 
the engme sectlon 

A brief study was made of the effect of 
exhaust-stack shrouds on the lgmt,on of all 
Test 5 of Table VIII, which represents four 
attempts with the same results. shows that 
011 Introduced between a shroud and an ex- 
haust mamfold would lgrnte under normal 
condltlons Test 6 shows that lgnltlon also 
occurred when the ml was sprayed on a bare 
exhaust mamfold The two tests mdzcated 
that lgnltlon could occur wulth or without 
shrouded mawfolds The quantity of 011 used 
ITI these tests was varxd, but ~gmtmn took 
place when the flow was between ,, and 
4 gpm 

Gasoline and hydraulic flu,d were 
sprayed on the lower elbows of the exhaust 
collector r,ng (Test 7) so that the fluld could 
follow the exhaust stacks back to the turbo- 
supercharger These flammable fluds were 
then sprayed Into the depressIon under the 
engme III the accessory sectIon in the expec- 
tatlon that they would fmd their way through 
cracks and onto the stacks and turbosuper- 
charger Fmally, the gasolme and hydrauhc 
fluid were sprayed from below Into the ex- 
haust stack and turbosupercharger well As 
a further and more thorough test of this 
latter procedure, attempts were made to 
ohtax Ign,t,on w,th and wIthout the turbo- 
supercharger ~noperat,on and with and with- 
out the tunnel ,n opcratlon No f,res resulted 

from any of these tests while the eng,ne and 
wmd tunnel were operatmg, even though the 
engme cylmder-head temperature was ,n 
excess of 400” F 

When gasolme and hydrauhc flud were 
Introduced ,nto the turbosupercharger reg,on 
through a hole ,n the floor of the accessory 
sectlo”. fires lgnlted and explosmns occurred 
unmedlately after the engme was shut down 
from an overheated condltlon The f,re could 
not be controlled by the wind-tunnel blast 
and was unaffected by the discharge of three 
pounds of methyl bromide Into the accessory 
sectlo* 

Other possible hazards in the same 
general region were studled by spraymg 
gasohne and hydra&c flud Into the heat- 
exchanger duct and Into the underflool 
ventllatmg a,= ducts See Rig 26 for locatlon 
of these ducts No fires were lgrnted even 
when a spark-plug lgmtor was arc,ng InsIde 
the accessory sectlo* The engme was 
operated at 1800 rpm with and wlthout added 
air from the wmd tunnel, and the cyllnder- 
head temperature was above 450” F Even 
shuttmg down the engme q UI c k ly from a 
heated cond,tlon did not cause the fluds to 
1gmte 

In these tests, the sources of Igmhon 
were obviously the hot surfaces exlstmg 
wlth,n the nacelle 

Some fires occurred from another 
cause. the backiumg of the engme Dunng 
fire tests of the engme sectmn, severe 
damage was done to the lgrntmn harness 
ConsIderable roughness and backi,rmg of 
the engme resulted Once, as the engme was 
bang warmed for fire tests. backflnng fol- 
lowed by fire occurred before any fuel was 
released Exammatlon of the engine sectlon 
led to the bellei that some of the severe 
untlal backilrmg had blown off small sections 
of dram hne and had released a quantity of 
ml mto the pan under the eng,ne Addltlonal 
backfirmg zgmted th,s accumulated 011 

On two other occasions, backflrmg was 
the cause of accIdenta f,res mthe accessory 
sectlon In each Instance, the metered iuel- 
line connectIon at the carburetor had become 
loose and allowed gasolme to spray Into the 
zone Ths may or may not have caused the 
engme to backfire. but the backflrmg through 
the InductIon system lgnlted the gasolme It 
must be pomted out that the mductmn system 
during this permd was not in good cond,tlon 
One of the bud-cage doors,whlch are located 
in the Intake ducts as a release to prevent 
collapse of the ducts when there IS no ram air 
present, had become detached As a result, 
an opemng existed in the duct through wh,ch 
fire could be adnutted to the zone whenever 
backflrmg occurred 
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Fig 32 Arrangement Used to Study Igmtmn 
of Casolme by Hot Exhaust Gases 

Either of these types of fires could 
conceivably occur in flymg arcraft under 
sm-alar condltmns, although the better man- 
tenance of flymg aircraft should make such 
a posslbllity remote 

No mductmn-system fires occurred 
accidentally m any of the tests during the 
Are-test program No speafrc tests were 
conducted on this phase of the arcraft fire 
problem because It had already been estab- 
lashed (as a result of a specral series of 
tests conducted by the Experimental Depart- 
ment of Pratt & Whitney AIrcraft. Dlvlsion 
of Unlted Alrcraft Corporation) that mductmn- 
system fuel fires are not self-sustammg In 
the R-4360 engine S Moreover, the replace- 
ment of the magnesium mducer (used zn early 
engmes) by an alurmnum Inducer practically 
ellmmated the danger of any type of mductmn- 
system fire wlthm the engme even when 
mechanical failure occurs 

Although hot surfaces m the presence 
of highly flammable fluids would .seem enough 
to cause a ilre, the suggestion has been made 
that the exhaust gases are the real lgmtmn 
sources This suggestmn stemmed from a 
study of fires occurrmg In arcraft with 
short exhaust stacks A flammable-fluId 
leak occurrmg in such arcraft could con- 
ceivably produce a vaporous atmosphere 
surroundmg the exhaust stacks It has been 
theorized that (1) changing the fuel mixture 
of the engme from lean to rich m the pres- 
ence of such an atmosphere extends the 
exhaust flame to some part oithe atmosphere 
where the velocity of the flame propagatmn 
1s greater than the velocity of the slip stream, 
or (2) reduction of the velocity of the slip 
stream (by reducing the speed, openrng flaps, 

S”Report on R-4360 Engme Induction 
System Fire Investlgatlon,” PWA-643, 
Pratt & Whitney AIrcraft. D~vlsion of Umted 
AIrcraft Corporation, November 26, 1946 

and the like) to a point less than the veloaty 
of flame propagatmn of the air-fuel rmxture 
produces the same effect with the shorter 
exhaust flame As a result, fluld leaks can 
be lgmted 

In the XR60-1 test Installation. the 
exhaust gases leave the tall pipe at a con- 
siderable dastance from the engine This 
condition 1s entirely different from the one 
which exists In an rnstallatlon havmg short 
stacks Smce the mstallatlon could not be 
easily transformed to resemble an mstal- 
latlon with short stacks, the theory could not 
be verified III a stralghtforward manner It 
did seem advisable to conduct a lmnted 
number of tests In an effort to learn what 
effects, if any, would be produced m a flam- 
mable atmosphere bythe exhaust gases when 
changes were made III the engme fuel mix- 
ture or when the swnulated air speed was 
varied Fig 32 IS a sketch showing how a 
gasolme line was attached to the underslde 
of the nacelle m such a manner that a spray 
of gasoline could be mlxed with the engme 
exhaust gases Thermocouples were used to 
measure the exhaust-gas temperature 
Operation of the engme at 1800 rpm pro- 
duced exhaust-gas temperatures as high as 
900’ to IOOO’F While these conditions were 
mantamed, gasoline was sprayed Into the 
exhaust gases m quantities from D to 3 gpm 
Simultaneously the engme fuel mixture. the 
flaps, the wmd-tunnel air speed, and the 
engme rpm were varied No mdlcatlon of 
flame propagation was noticed by any of the 
observers durmg this permd 

The condltmn of the engme was such 
that considerable misflrmg of the cylinders 
occurred at all twnes, but even this did not 
lgrute the gasoline The igmtlon of the gaso- 
line was fmally achieved by backfirmg the 
engme, but the flame blew out mxnedlately 
afterward Torchmg could not be produced 
at the end of the tall pipe, so this condltlon 
could not be tested 

CO"ClUSlO"S 

1 Gasolme. hydraulic fluld. and lubrl- 
catlng oil wulll Ignite on the engme exhaust 
system under normal operatrng condltlons 

2 Readiness to lgmte 1s Influenced by 
engine cylmder-head temperature. engme 
speed, per cent of cowl-flap openmg. sxnu- 
lated forward speed, locatlon of the 
flammable-fluid sources, and the quantity of 
flutd mvolved 

3 The tendency for lgnitlon to occur on 
the engme 1s dmmnshed by mcreased arr 
flow through the engme section 

4 Ignltmn can occur on the engme ex- 
haust mamfolds whether they are shrouded 
or not 
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5 Leakage of flammable fluds mta the 
heat-exchanger duct, the underfloor ventlla- 
tmg air duct. or the xentllatmg a,= duct of 
the turbosupercharger compartment was not 
a ser,ous hazard under flqht cundztlons 

6 Leakage of flammable fluds mto the 
turbosupercharger reg,on can result II, ~gm- 
tlon of the fluds and ,n explosmns after 

engme shutdown 
7 Backf,rmg can cause fires to qmte 

1x1 both Zones 1 and 2 
8 The metered fuel-lme cannect,an at 

the carburetor 1s a pos s., ble source of 
gasolme leakage III Zone 2 

9 Inductmn-system fl r es were not a 
problem III this lnstallatlon 


