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DE=i>ATION OF IIEAIIS TO 
SAFEGUARD AIRCRAFT FROll POWERPLANT FIRES IN FLIGHT 

PART II 

SUllllARY 

The prohlem of provirling adequate fire protection in flight for modern, tightly cowled, 
air-cooled radial aircraft powerplant installations, as previously discussed in Technical 
Develor,ment Re'(;ort No. 33, "Determination of Means to Safeguard Airl.!raft from Po'lll'Brplant Fires 
in Flight, Pa!"t I", for the conventional type CO'lfling arrangement represented by the DC-3 air­
plane, was ext,ende:i to cover another general type of cowling design represented by the Curtiss­
Wright GW-20 airpLme. A f11ll scale, operating engine nacelle set-up, similar in general 
arra:1gement but not in size or detailed construction to u,_e Curtiss-Wr.i.ght CW-20 airplane, was 
constructed and placed in a controlled air blast from a wind tunnel to simulate actual flight 
conditions. Various quantities of gasoline an.J oil ffBre igniteci. at locations throughout the 
powerplant installation where fire might occur as a rcsul ""'.", o=' failure o-!: the engine or of the 
fuel or oil systelll.'3. As in the tests of the D'.:-3 t,:,y,e inst.allation, the procedure consisted of 
four phases of investigB.tion: (1) Fire extinguishment, (2) sources or· ignition, (J) fire de­
tection, ar.d (4) effect cf fire on materials. 

In the fire extinguishment ':.ests, o. variety o~ different types of extinguisher nozzle 
arrangements were imTesti.t:a.ted and the effect of different quan'L:'. ties and rates of application 
of VRrioUB extinguishing agents was determined. In addi tj on, inforn:ation was ohtained on the 
effect of different operatin;; conditions r_ur:'.:-ig fire ex-1:.inguishment. With regard to sources of 
ignition, the possibility of ignition froJL the exhaust system, from electric sparks, or from the 
collection of explosive vapors was investi~a-J:.ej for this type cowling. Tests lfBre made of im­
p::-oved fire detect.ors anj the optimurr. lo:::atior.s ~or insta11-ations of the various types were 
rieterm.:ned. Terir.perature :-evdi!1GS were obta:'.neJ 1;n,ougho'.1t the nacelle and observations were 
Qade of lhe effect oT the fire or. different structural materiaL~ R°!, various locations. Toe ef­
fect of fire O!l the rubber tire, t,he oil arnl gasoline s:,·stems, the engine mount, the oil tank 
and oil cooler, and other miscellaneous accesscries, -was jetermined. A comparisor: also is given 
between be OC-3 type cowling testwl previously And t11e CW-20 type cowling rith regard to the 
various aspects of t'.,e fire prot.ecton problem. 

In ['Bneral, it lfaS fou_'"td tha"-, adeqUB.te nre rletection and extir:guishment could ~ 
obtained for installations of the CW-20 t::,·pe and ttat the rates a!ld quantities of extinguishing 
agent necessary were approximately the saoe as =or t~e OC-3 type. It was also fo-und. that the 
a~sence of a diaphragm between the power and the accessory regions resulted in higher tempera­
tures in t~e accessory region. 

IN'IRCDUCTION 

1".1e series of tests or. the Glf-20 type cowling is a continuation of a general fire pro­
tection program started by the Technical Development Division in November 1939 at the request of 
the air transport industry. Previous tests on the DC-3 type cow-ling were covered in Part I of 
this reoort. Reports covering other types of engine installations will be published in the 
future as the program progresses. 

During the course of the tests on the :CC-3 type installation, the need was expressed b:i,T 
the in1ustry for similar tests on other types of nacelle and cowling arrangements now being 
used or introduced. Accordingly, tests were started on the Clr-20 type cowling in June 1941 and 
were completed in February 1942. This type of cowHng represents the most distinctive variation 
from the conventional or tc-3 type arrangement. It was inter:rled in these tests to determine the 
fire characteristics of the general type of co.-ling arrangeioonts of which the CW-20 is represen­
tative and in which no separating diaphragm is present between the power and the accessory 



reglons. In this type of installation ae teated, the cooling air .-a.a exhausted through a rear 
erl t gill on the lower aide of the cowl, and the exhalU!lt stack extended through the aide of the 
c01rling in line ll'ith the collector ring ll'ithout pa.Being reanmrd through a well in the accessory 
regton. 'l'ne test inBtallation varied considerably in size and in detailed arrangement from the 
actual Curtiss-Wright Clf-20 installation, but was of the same general type. 

As in the series of test.s on the DG-J arrangement, the tests on the CW-20 installation 
concerned1 

l. Fire Extinguishment 
It was desired to determine the optimum type of extinguishment system for the CW-20 ar­

rangeuent and the effect of various typee, quantities, and rates of application of extingu.i.shing 
agents in this installation. It was also desired to obtain knowledge of the general fire extin­
guishing problem in this type of c01rling. 

2. Sources of Ignition 
Determination -was desired of the most probable sources of ignition in the CW-20 type 

ca,rling and the probability of ignition in such an arrangement as compared with the DC-3 type. 

). Fire Detection 
It was desired to carry out further development of the most promising types of detectors 

which previously were tested and of new- typea whl.ch have been suggested. Information 1'8.B also 
desired concerning the optimum location of the fire detectors in the nacelle of the Glf-20 type 
arrangement to obtain rapid and positive indication of fire. 

4, MaterialB 
Further information 1'8.S desired on the relative fire-resietant properties of various 

materials and components comprising poffl3rpl.ant installations, and on the temperatures encountered 
in the cowling, fire,ra.11, nacelle, and wing during typical oil and gasoline fires for the Glf-20 
ty-pe arrangement. 

All of the tests 1rare ma.de at the National Bureau of Standards where test equipment and 
test facilities were provided. 

TEST EQUIPMENT AND GENERAL TE.ST PllC:CEDURE 

The test equipment ~ed, except for the engine cowling, 11"86 identical to that UBed in the 
tests on the 'CC-3 cowling as reported in Part I of this report. A diagram of the complete test 
layout is shcr,m in figure land a diagram of the nacelle unit in figure 2. A view of the test 
set-up is sho,m in figure J. "nle lring-nacelle-powerplant set-up was the same as that UBed in the 
OC-3 tests except that the cowling Arrangement -.ms changed to si~ulate the Curtiss-Wright Glr-20 
type cO'l"rling. 'lhe sruns Pratt and Whitney 1830-B engine installation and engine mount were used, 
'lhe saroe aluminum alloy oil tank was mounted forward of the firewall. All enffine accessories, 
fuel lines, and the outside of the oil cooler were protected against fire by a lagging consisting 
of asbestos cloth soaked in waterglasa. The oil tank, oil lines, fire11"Bll, and engine mount were 
unprotected and were exposed to the fires. 'I'n.e engine was equipped for remote control operation 
during the tests. 

The test equipment consisted of: 

1. Engine 
Pratt and Whitney 1830---SBJG, Wasp - 14 cylinders twin row, radial, air-cooled aircraft 

engine; rated at 1000 hp. at 2650 r.p.m. (take-off power~, ~nd 900 hp. at 2450 r.p.m. (ma::dnrum 
except take-off power). 

2. Prof18ller 
Hamilton Standard, three-blade, metal, constant speed, controllable pitch, 11-1/2 feet 

in diameter, type )E50. 

3. Engine COlfling 
Standard DC-3 alwn.inu..m allay, NACA COll'"ling, modified on foe lower side with a stainless 

steel adjustable gill to simulate the CW-20 type cowling, and -vrith an air duct for the oil cooler. 
Th.e general arrangement of this c01Jling is shown in figures 4, 5, and 6. 

4. Accessory Section Co,rling 
Reinforced panels of 0.049-inch aluminum alloy which later were replaced ll'i th panels of 

0,018-inch stainless steel. 
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5, Nacelle and Wing Section 
The external dimensions were identical to those of the OC-3 installation. The 0.012-inch 

stainless steel nacelle and wing akin carried no load, lrlth the engine loads being supported by 
an internal welded steel tube truss. 'Ibe wheel well and nacelle lr8re fitted to receive a standard 
OC-J landing ffl'leel, but in some tests the wheel nll "lra! covered with & 0,018-inch stainless steel 
~kin. 

6. Fir01rall 
A welded 0,040-inch sheet of low carbon steel was used as the firewall :n.aterial. 

7. Fir-e Nozaz;le 
The fire nozzle shown in figure 7 ,m.s attached to flexible tubing to pern.it application 

at any point within the powerplant installation. A small auxiliary gasoline supply line 1'85 at­
tached to the main no~zle to supply small quantities of gasoline to facilitate the ignition of the 
oil. An aircraft spark plug for producing a high tension ignition spark was prov::._ded at the noz­
zle outlet. 

8. Miscellaneous Equipment 
An engine control houae, extinguisher system house, and a tOWBr for supporting the fuel 

and oil tanks were used. 'l'nese are described in Part I of this report and are shown in figure 1. 

9. Wind Tunnel 
Maximum air speed at the outlet of the turmel was 70 m.p.h. The outlet 'WB.S 7 feet in 

diameter and was located 5 feet fonmrd of the propeller. 

As was pointed out in the 0:::-3 report, the volume of air passing t~rough the engine 
cowling is of pri.mary importance in the tests and is affected by cylinder baffling, rind tur:nel 
air speed, engine speed, arrl the degree of cowl £lap or gill opening, As the maximum wind tunnel 
outlet air speed attainable with the present equiµ:nent WRS approximately 70 m.p.h., a portio~ of 
the standard inter-cylinder baffles 1'8.s removed to sinrulate higler air eneeds by allowing a 
greater volwre of air to pass through the CO'l'l"llng. 'Ihe approxiIYB.te quantities of air passing 
through the engine cowling under various conditjons, as measured by means of a pitot static tube, 
are shoffll in Table I. 

Table I 

Quantity of Air Flow 'Ihrough ~W-20 Type COlfl 
(70 m.p.h. rind tunnel sp,eed, 2000 r.p.m. of engine) 

Flaps Gill Air Flow - Lbs./hr. 

No flaps Closed 45,000 
With flaps Closed 55,000 
No flaps Open 55,()(X) 
With flaps Open 75,COO 

Practically all of the tests were run at 70 m.p.h. ;rind tunnel sp,eed, at 2000 r.p.m. of 
the engine, and lfith the exit gill completely open, A preliminary series of tests 1'3.S run Tith­
out CO'l'l"ling flaps and a later eeries of tests -.ms run with cowling flaps installed. 

As in t~e tests on the OC-3 installation, SAE 10 oil was used for the fires with the oil 
Ming preheated to 145°C. to simulate the release of hot oil from an overheated engine, and 
87-octane aviation gasoline was used for the gasoline fires in the accessory region. As estab­
lished during the tests on the DC-3 typa. ca,;rling, the rate of oil flow used to feed power section 
oil fires was standardized at 5 gallons per minute. However, so:ne tests were made with rates of 
oil flow as low as 2 gallons per minute and as high a.s 8 gallons per minute. 'lhe rate of 5 
gallons per minute was used for accessory region oil fires and for accessory region gasoline 
fires. 

In the power region, fires resulting from cylinder failure19 were simulated by placing 
the fire nozzle on or between the various engine cylinders with the nozzle direction and loca­
tion varied to cover all probable fire conditions. In the accessory region, fires resulting 
from oil and fuel line failures were simulated by placing the fire nozzle outlet just inside 
the accessory region cowling and on the front of the fire-wall, and also at various locations on 
the lagging covering the engine accessories. The fire duration in most of the tests was 30 
seconda, as it -,ra.s assumed that an airplane crew could apply the fire extinguisher within this 
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time. Th.e test fires ~e~e ignited by an electric ~par~. =P. the case of oil fires, a small 
st.r0a:n of gasoli:ie was :'irst ignited by foe spark to facilitate t··te lgnitior. of the oil, t'.'le gaso-
1 i ne t,he~1 beir..g sr.ut of:'. 

FIRE EXTINGUISffllE?:T TESTS 

The 7;\.l.I'po.ses of the extiE~ishment tests wer8: (1) lo ie"'!",8rir.ine tr.e properties of the 
C'if-20 typ-:J CClrlin.G arrange:nent ~~th respect to eAse of firr, c,xt:i. □.::fJ.is!lllient; (2) t.9 determine the 
efCicacJ of various fire extingui.sh:'.._ng age:'lts when 2.ppliwl t:c sascline find oil fires in hoth the 
por.er an~ the 2.ccesscry reg-Lons o,:' the GW-20 ty-pe installe.t:or:s; (J) to determine for ti1e varic'.lS 
ex•,i::-igni c,".l::.r.i::; ao/'nts the quanti t:I required, the riecemJ8:!"}' r8te of applicA.tio:i, anri the optimum 
:ne"':-h::x-:s c:: age:-it dist,ri':r,1t.ion in ~-he naceee. 

Proceiure 
A tct.al o:' )'i2 fire ext.Lnguishing tests were conducted using various distrf~:iution :net'.-lods, 

extini;uishinl{ agenLs, c1.nd quantities ar.d rates of applicatior: of Rger:t. 

P..s in -<:,:,-1e tests described ':_n Part I of this report, t'.,e general procedc:re consistod of 
ar,r1~,~ ··1g exLns71ishin1:, asre::its "Ni t!1 varioi..;.s rates and cl.m-at.!.ons o:' discharge through various 
cl.L.itri"·.1-:.iM syste11.s to gaso:2.ir.e ar_d. oil fires at all posc;i~le locat;ons thrN,.~hout the po.,;er­
p~c.r_t ins"'..all::1.tio::L A typical Lre :10zzle locat::..on in t'.,e pcwer region is shown in fi,s"'.1re 8. 
Figure 9 shews a t:,rpical noz1.::..e location in the accessor:.· re5"icn. Seve:'l d.:'_fferent r.i.re extin­
euis'.'1:'..ng ag-ents, <i.s listed bel01r, were i.ncl·.1ded in the t"sts: 

1. Met:'lyl bro;nide 4- Ethy::...erce Jichloride 
2. Jarbon dioxide 5. Ethyler.e :ii bromide 
J. Jartion tetrac:Olo:r-ide 6. Ethylene ch:;,_orobromide 

" Propolene dibrcrniie .. 
Most of foe tests were limited to the UBe of r&:'!thyl bromide, car~10n dioxide, and carhon 

':,etrac1-11or::.::1e. The properties o.: t.hese exti □2,-J.is~ing agec1ts are given in the previous report. 
n1e at.her azents listed did rs.ot prove satis.:actory Ior this ap~lication. 

pITTr8rplar.t 
of tests. 
::lefore t.':1e 

As i!1 the DC-3 tests, -<.:,l'.e dcvPlopn.ent of satis:':actory dist:cibution systems for the 
insta::'..lation was ac:::omplished by the trial end error :net.hod involvini:: a large rn: . .mher 
A ::,ll..1iber of rifferent ext:i ng.1isher nozzle arrangel!lents were installed an:.i teGter:l 
opti~u.:n arra::igements ~ere determined. 

'I':1e ef=ect of rate and duration of application of the agents on extinguishrnent lfa~ de­
term.7.ned. Tte extineuishfr.g agent was applied to the entire pOlfer:;:,lant installat:ion and the 
rate was varied from approxi:-::iately 5 to 15 roi_m'ls of agent per second by changing feer1. lir,e 
dime;:1sic:ris and by reg,.:latin~ the press1_;.re wit':iin the extinguishing agent containers. 'fue dura­
tion of agent app::.ication was varj_ed from ahout 1/2 se~ond to 4 seconis. 'It.e quantity of agent 
depe:rled upo:1 rate ar,_.J duration of application a:1d '.ras ·.rar:ied from approximately 10 to 35 
pounds. ~e pressure containers l.l.9ed for measuring and apply.i.r_g the extin~ishine c1.gents are 
shown .i :1 figure 10. 

The general method o.::' determining the rate of rl._l__scharge of liquid extinguishi.ng agents 
from the extinguishing nozzles was the same as described in the report on the JJ-3 tests. Th:;.s 
consisted of trapping the discharge fro:n a single nozzle over ct;_rre:.--ent t:.me intervals durini:; 
the d::..scharge and measuring the time intervals rith a .:notion picture cau.era operating at 32 
fra:;nes per second. Ho7i"ever, this can be do:1e only with liqi;_ids hav·_ng reasonably lOt'i' volatility. 

It is impractical to obtain similar measurements for carbon dioxide cas anci for ~ethyl 
bro:nide '·iecause of their high volatility. The discharge :;:-ate ::'or carbon dioxide was deterr,:iir:.ed 
from the -<:.otal amount used and the tiute required to ::iisc:'large it, as determined through the use 
of a :notion picture camera. For a given nozzle, discharge rates for methyl bromide 1rere 2s­
sur::.ed to be substa.ntially the sa:ne as for carbon tetract-_lo:ci::ie, si:ice both :'lave approximately 
tie sa:oo spec~fi8 gravity. 

Results and ~iscussion 
Because of the large nilll.ber of tests, no attempt is made i~ this report tc present the 

particular conditions and results cf each individual fire extinguishir.g test. Diff'cculty would 
be experienced ::.n interpreting the res'J.lts of individual tests A.S the main conclusions were 
ohtained from o~serva.tion and general consideratlon of a large number of tests perta:rs.ing to 
each particular phenomenon studied. 
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As in all tests concerning fire protect~on of aircraft engine i:'."lst~llations, the ~yre 
and degree of air blast present are of pri..tr.?-ry importance. In tbe CW-20 t:,'-p8 cowli:'lg, the flcr,, 
of cyLilder cooling air is through the cylinrler baf.:":'lec, over and aro1.,.nd the engir_e accessorie::,, 
and out thro'..lgh the lower rear exit gill. This type o:' air flo-.r is cor..siderably difi'ere.r,t from 
-1:.r.at in the DC-3 nacelle arrangement. In the CW-20 cowlir.g, the fire fron a so-J.rce i:1 the power 
region is concentrate::i mainly i:1side the :1c,.celle a:'ld in t:'1e accessory region. Ir. the OC-3 t;ne 
cowling

1 
fires originating i.r. th0 power rec.:'_or. tenci. to 1.:mrn more outside of the cowli:1g, spre~-:1.inc; 

gradually to the accessory region thrm.::.gh lea...~s c1r.d cpenings in the separ;:;.t.:;._nG diap:tracJ.. I-'cr 
fires originating in the accessory region_, tr.e t:,-}=€ of air flow :1.s also considerably different 
in t'.'le tvro cases, and it is therefore necessary r.c ccEsider such differer.ces i:1 the arrar ge:T1Bnt 
of the extinguishing agent distribc.tion syst2:11. 

In t'rie CW-20 tests, two quanti l,ies of air ~low tf,rough the cowling were utiEzed. lr_ t:1.e 
first case, a :flow o-'.'· 8.p?rox.i;'.lfl.tely 55,000 c101_;__...-d.s of air per hot:..r .ras used, which approx.ililitely 
siwufates the a::oo·.mt of ai::- obtained in a OC-3 t;ype cowl using the Pratt and ~h.i.tney lBJO-S~}G 
engi~e under climbing conditions. In a sccon1 series of tests, flaps -,,ere mounted along the side 
of the rear 1:;::C..t gill. Under th.is conditio:1, a rate of air ~low of approximately 75,0'.)'.J pounds 
p€r hoi:..r -was o:Jtai;:-ieC., which is a:lout t'.'le quantit::, necessary for coo::.ing that engine UIYler 
cruising co'.1dit'..ons. 

It '.v::i.s fmmd that with the hie-her air flO'i'f of 75,00C pounds per hoi..:r p;i.ssing ~hrough the 
cmrl, c..ifficul ty j '.1 fire exttnguishrrent "i'iaS consfr:era01y increased. However, l'li th the lmrer 
o_uantity of 55,000 poillldS per ·nour p.:i.ssir.g through the cowl, the fires tenjed to burn much ho~,ter 
2:1d mor8 co~ple":.ely :.nside t:1e nacelle. This accelerated 2.Ild c1ggr2vated ':.he dest:r1..:ctive effect 
of the fire o-,-, U:e cowli:'lg structure. It is irniicated t'.'lat if a large::- er.gine were used, reqair­
ing a greater amount of air for cooling, the di.:::'f:'..c 1.1l-':.ies of extineu,::..shment -.,-oul:J h; increaseC 
in proportion to t:rie s::nount of cooling sir re(l_-.1i.red 1 a:1d t:l.e quantiU es arid rntes of appl~.catioi1 
of exti;:-igu_Lshi.ng ager:ts 1ro1..cld also be ir.c::i,asej &.pproxic:iatc2.~J in the same r2tio. 

So'I.e tests l'IBre rDl in whic:'l t'.--:.e exi~ g:i...11 was p;i.rt:...ally c:;.oscd. Ac-ai.r. it, was f\:n.:.n::l 
that- de;creasing the cooling &ir te:rled to ca1..::se core corr.plete b"J.rr_i.J1c ir_side the ccml~L!lg, r·es·J.1-­
ting i,1 higher terr..peratures of tr.e structure. Wit::1 the gill part.ially closed, the air fbw 
behin::l the gill tern~ed to lie closer to the .skir, or_ --:.te rear part of the ::mcclle. l'.1 t:'1e series 
of tests in which no flaps were "J..Sed, it -.-:as noted that all of the air tended to pass out of tr.e 
IT1E.in gill opening and that none ca.ire out o= L1c side openings in the cowl at ttc top of the gill. 
However, l'l'hen flaps 'l'i'Bre placed in front of t:le siie openir.gs, considera'ole air artl fla::ne were 
dral'i'l'. out at these points a::-id concentrated r:::ore on the lOi'i'e:- 8'.11'.face of the ri!lg. 

Fire tails tended to hang at a r_wnber of points around the .gill opening c.nC. nacelle. I_'1 
particular, such tails tended to hang on the out3ije and on the rear edge of the oil cooler l'rll.ich 
·,ms set in ti1e center of the gill opening. Fi.re tails also wo·J.ld hang onto any protu"l::ierances, 
such as stiffeners, around. the edge of the cpening or on the inside of the gill, and could be 
avoided to a large jegree by eliminating such protuberances on th~ :::urfc.ces at th, 3 poi:1tc,. 
Fi.re ':,ails also -nere observed lying close to the nacelle skiT'. behir:d the flaps which were placed 
at the upper side openings of the gill. Suc:'1 flaps caused an extremely tur':,ulent region on the 
nacelle skiri. to t'.'le rear, 'Nith a ccnsiCeral--i:c :nixing of fresh outside air w::..th the: burning =ucl 
at this point. For certain fire locations, L.i.re tails in that re?ion were extremely difficult 
to extingi..:.bh and required a highly efficient "ripi:cig-off" action of t'le extinguishing ager:t. 
Burning oil anil gasoline also t.ended "':.o ','i'11ip c:.:;: i:'"l.to the wbeel well on mny occasions ar_d. con­
tinued burning for a short tirr..e after the ma:;.T'. fire was extinguished. '.-l07,ever, no caees of re­
lighting were observed. froJJ. such fires in the WI'.eel well. 

To"o types of fuel were UBed for t~e fires in tie tests. SAE 10 oil was used for both 
the power and the accessory region fires, and 87-octE.ne gasoline was UBed for accessor,:r region 
f:ires. Gasoline fires in the nc-::-:essory region were the most difficult to extinguish. Oil fires 
in the accessory region, in ge:1er2.l, burned poorly ar.d tended to blovr out. However, accessory 
region oil fires in which the oil was sprayeci directly or.to the e:x'rvr.1st collector ring were ex­
tre:!181,Y hot and destructive. 

As discussed in the report on the DC-3 tests, over an appreciable range the size of the 
fire had little relation to the ease of e:xt:'..nguishrner_t. Proper and even dist:ri"crution of exti:1-
guishing agent which exti~guished small fires at any location also exti::iguished la;-ger fires. 
In general, the effect of the larger fires was to caUEe more rapid and greater heat:',_ng of the 
structure and to produce more fire tails. 

Toe d1.uation of the fires ,ras standardized at JO seconds, I~ the OC-3 tests it ims 
found that oil fires reached their maximum intensity before such ti~ and that co:citinuing the 
fire longer made little difference in the ease of extinguishment. The gasoline fires reached 
their maximum intensity within a few seconds after starting, During the tests, the source of 
tie fire ..-as variej over all probable fire locations by moving the fire nozzle. It 1ras found 
that the most severe pOWBr region oil fires occ~rred when the fire nozzle 1'3.S located on the side 
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and D.ppE:!r cylinders, .mile relatively small fires were produced when t'.'J.e nozzle was located on -':.he 
lOWBr cylinders. In general, the most intense fires OCC'..lrred when t:'.le fire I'.ozzle was Placed on 
the cylinder head, As stated previously, oil fires of appreciat:le intensity in the accessory 
region could be produced only lfhen the oil -was directed onto the eyllaust collector, because of the 
nore rapid and complete vaporization of the oil. The most intense fires in the accessory region 
::or both oil and gasoline were produced when the fire originated in t'.Je up~r part of the nacelle. 

I::i the develop:c:ient of a satisfactory extinguishing agent distrib~.1tion system fo:r- the CW-2C 
type cawl, the sarre nozzle arrangement in the pmrer region as was u.sed in the :CC-3 tests was found 
satisfactory as a basic syster::i.. T.-lis is shown in figure 11. In consideration of the type of air 
flow found in t':1e CW-20 type cowl, where the cylinder cooling air is carr1..ed through the accessory 
region, tests l'l'Bre conducted in which power region ~ozzles only -..rere used. Th.e objective was to 
determ.:_ne l'lhether the extinguishing agent thus released in this region and carried back t"irough 
the accessory region would extinguish fires throughout t'.,e entire nacelle. In general, it waa 
fo'.md t:1at this could be accomplished but that the distribution of the extinguishing age:-it was in­
efficient. It .ras later determined that the distribution of agent into the accessory region, as 
well as into t:ne power region, con6iderably decreased the total quantity and rate of applicB.tion 
roquired. Accordingly, a variety of extinguisher nozzle arrange:roonts in the acces.sory region (:'..n 
a'.J.cii tion to the power region distribution systerri) 1tere tried, some of which are shown in _figures 
12 to 19 inclusive. The accessory region distribution s;ysterr. which was fourrl to be most effi­
cient consisted of a set of five nozzles distributed around the upper half of the engine ~aunt 
ring as shown in figure 12. T:-1ese nozzles direct one fan spray radially outward arcd forward l'rom 
the ring and 2.r'.other spray radially inward and to the rear of the ring over t:ne top of the engine 
accessories. The tests showed that throug:-1 tr.e use of these nozzles in the 2.ccessory region, in 
addition to those in the pmrar region, the total quantity a: exting-.1.ishing agent could be de­
creased approximately 8 to 10 pounds and that rr;ore positive fire extirrguishrr:ent is obtained. I~ 
general, the release of extinguishing agent in the upper portio~ of the accessory regiorr is the 
most efficient, and nozzles in the lower part of the accessory region are extre:c!0ly inefficient 
hecause the extinguishing agent released from them is immediately carried out o: the gill. 

The varioUB types of nozzles used for releasing the extinguJ_shing agent in the CW-20 
tests are shOffll in figure 20. For t'.1e power region s:yste;:n, the rr;ost satisfactory t:ypes of 
nozzles were as determined in the :CC-3 tests, These are shown as typ3s T-l and T-3 in figure 20. 
For the accessory region nozzles, the slot arrengement shmm as type T-5 was found nost satisfac­
tory. For the nozzle over the oil coole:-, the arrangement shown as type T-4 was satisfactory. 
The detailed design ar'.d. dioensions of the nozzles are not critic al, hut the location of the 
nozzle in the nacelle and the general direction of agent application are important factors. 

A6 in all of the previous e:x:tinguishment tests, the rate of application of agent is the 
most important factor affecting the ability of an agent to extinguish fires. Because of the high 
air tlast velocity, the agent is rapidly dissipated ~nd the penetration of the agent into be 
fire with adequate force and concentration is possible only through the use of an adequate djs­
charge rate. The minimum rates of application of metiyl brorrride and carbon dioxide necessary to 
insure extinguis~nt in the GW-20 type cowl when jischarged in t~e power region only, and when 
disc'.1arged in both the power and the accessory regions, are given ~ tabl'2 II. 

Table II 

Necessary Minimum Rates of Application of Extinguishing Agents ard Ti.me of Disc:'large 

'98.sic Type System Shown in Type A System Shmm in 
Figure 11 Figure 12 

Carbon Carbon 
Methyl Bromide Dioxide Methyl Bromide Dio:x:ide 

Qts/sec Lbs/see Lbs/sec Qts/sec Lbs/sec Lbs/sec 

Power Region 3.0 10.5 8.l l.6 5-5 5. 7 
Accessory Region - - - 0.7 2.8 2.6 
Oil Cooler 0.2 0.7 0.5 0.2 0,7 0.5 

Effective Time 
of Discharge 2.5 sec. J.5 sec, 2.0 sec. 2.5 sec. 

The rates shown in table II are the average rates over the effective ti:ne of clisctarge 
listed. The rate of discharge of methyl bromide is assumed to be substantially eq-..ial to the rate 



7 

of discharge of carbo_n tetrachloride, shown hy the curve in figure 21, as both liquids have ap­
proximately the sa.ue density. It should be noted that the initial rate of discharge as ShOlf!l in 
figure 21 is muc~ higner than the average rate giVBn i~ table II. Such a curve could not be 
obtained for carbon dioxide 1:w::!cause of its volatility. Its average rate of discharge, however, 
was determine::i by the a::r,ot.nt used anrl the total time required for discharge. 

As pojnt.f}'.l m1t i.n the rPport on the DG-3 tests, many fires can be extinguished at lower 
rates of application t~an are shown in table II. However~ the values sh01'f't1 are the mini.Inura rates 
of application of e~inguishins agent which were ~our.d to be necessary in t~e tests for positive 
extingu.i3hment of any :'ire tried in any location. 

In the report on the DC-J tests, it ffilS indicated that a minimum of 2 seconds is required 
for the a~er,t to extinguish fire tails, altho'.1gh the main part of each fire was extinguis".:ted 
withi~ a fraction of a second. 'Ibis, of course, is true only when An adequate rate of application 
is used. In the tests on the CW-20 set-up, a duration of application of extinguishing agent of 
from 2 to J. 5 secon:-ls was necessary in order to extinguish all fire tails. ntis is shmm in 
Table II. If rates of application of agent are inadequate, increasi_ng the duration of application 
has no effect in extinguishing the fire, as t:ie extins1-1ishing agent is carried away by the air 
blast as rapidly ~sit is released. 

The quantities of extinguishing agent found necessary for positive extinguishment are 
sholfil in table III. 'These quantities are based upon t'.'le rates of application and discharee 
durations shown ir. table II. 'Ii-le quantities necessary for adequate e-xtir.guishcnent with bot'.1 
types of distrib'l1tion syste:ns used are indicated. 'I'ne distr:'ihution system utilizing nozzles in 
both the pmiBr and the accessory reg-ior-s is of muc'r1 higher efficiency. 

Table Ill 

Necessary lfini::num. Quantities of Exti:1guis'.ling .Age:1ts D2ter!'.",Lned by Tests. 

~sic TYP8 Syst-e:-.:1 Sholm i,n Type A System Shown in 
Figare 11 Figure 12 

Car1::>on I Carbon 
Methyl Bromide Dioxide Methyl Bromide Dioxide 

Qu__ci.::-ts Pounds Pm.-.n:is C...'usrts Founds • Pounds 

Power Re1:;i or. 7.5 26.2 28.2 3.2 11.2 14-3 
Acces~or:ir P.ei;ion - - - 1.4 s.6 6.5 
Oil Cooler 0.5 1.8 1.6 0.4 1.4 1.2 

Total 8.0 28.0 JO.O 5 .0 i 18.0 22.0 

Seven :iifferent extinguishing ct1:;ents were used ir. the CW-20 t':!sts. As in the tests on 
the OC-3 type cawling, methyl hrorr.ide an:i carbon dioy.ir7.e were the only fire extinguishing agents 
o.f those used which proved satisfactor~, for use ir the CW-20 type installation. Of t'.'lese two 
agents, methyl bromide was again found to (le @ore posl. ti ve aEd ef~icient in actior., requiring 
less cE.re a:-rl exactness in application. Carbon tetrachloride llfas founrl. to be satisfactory for 
extingu.::_shbg o.'.l I'ires throughout the TJacelle but i;nsatis.:~actory for extinguisbing gasoline 
fires without utilizing time delays of 15 to JO secor.ds between the time of cutting off Vrn 
gasoline and rele2sing the extinguishing ager.t. The o~her extinguishing agents tested were simi­
lar in action to carbon tetrachloride. 

In order to obtain adequate extinguishmer.t in the CW-20 type cowling tests, tight3ess 
of the firewall was found essential. Hcles or cracks existing in the firewall allowed burning 
oil or gasoline to run through and ':iurn on the rear face, and relighting frorr. V-1ese sources oc­
curred forward of the wall after appa.reP.t extiP.guis'.J.lller.t wa.s ottained. For ~ira::_lar reasons it 
1ras necessary to have rnaximwu. tightness of the accessory region cawling to insure t:-iat no liquid 
l'rould leak th:-o·.1gh cracks in the cowling and hill'n outside, thus causing relighting. This con-
1ition for the COl'l'ling, however, llffiS not as critical as in the case of the firewall. 

It was observed that flames tended to concentrate in the well aroun:i the air duot leading 
to the oil cooler in the lower part of the cowling. Fire in this region could not be extin­
guished wi t:l the power region noz-zlea or the upper accessory region nozzles A single extin­
guishing nwzle placed above the air duct leading to the oil cooler and spraying into thi6 region, 
however, provided adequate extinguishmsnt. 
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'It.e engine installation UBed in the CW-20 tests utili~ed an e:xhaust stack extending radi­
ally outlrartl on the right-hand side and passing through the c0'1oling in line lnth the collector 
ring, 'nlis is shawn in figure 6. Th.iil exhaust system installation ,nas relatively clean and con­
tains no pockets or 1":llls from which relighting might occur. However, for test purposes a heating 
shroud, as shmm in figure 22, ns placed over a portion of the collector ring rith the opening to 
the shroud located behind the cylinders. With such a shroud forming a pocket around the ~ot col­
lector ring, it ira.s found that relighting occurred from. fires inside the shroud "lm.ich could not be 
extinguished during the release of extinguishing agent. As discussed in the rep0rt on the DJ-J 
type installation, this in general has been found to be true for any type of closed pockets ineide 
the nacelle. 

In Part I of this report considerable design information for extinguishing systems "lra.S 

provided and disou.ssed. Tne same inforw.tion and :1iscussion rlll apply to the extinguisher dis­
tribution system used for the CW-20 type installation. In general, the same problems of obtain­
ing equal :1istribution of extinguishing agent were fourrl and the same precautions were observed 
rith regard to nozzle arrange~ent and location of nozzle feed lines. T,7Pical gasoline and oil 
fires in both the power and the accessory regions are shown in figures 23 to 'Z7, inclusive. 

Conclusions 
1. In the G1l-20 tests, as in the tests on tbe OC-J cowling, extinguishrr.-ent of aircraft 

powerplant gasoline and oil fires occurring in flight can be accomplished rithin reasonable 
"'l'Jeight limita.tioos, provided adequate rates of extinguishing agent application and optimum distri­
bution :nethods are used and provided the gasoline flOtJ is shut off before extinguishment is 
attempted. 

2, ExtinguishI1¥:'!nt of oil fires occurring in flight in the CW-20 installation can he 
accomplished rlthout stopping the oil flow, but oil shut-off is important to prevent recurrence 
of the fire. 

3. Ga.saline fires were found ~ore difficult to extinguish than oil fires, 
4- Adequate fire extinguishment can "!)a obtained in the G71-20 type installation with 

extinguishing agent noz,zles in the power region only. 3owever, :Jy employing additional no,z;zles 
in the upper par~ of the accessory region, more positive and efficient extinguishment can be 
obtained. 

5. In tje CW-20 tyr,e installation there exists a tendency for fire tails to occur o~ 
the outside of the oil cooler, the inside of t'le sill, and on the nacelle skin behind the flaps. 
MiniIIIUffi obstructions to the air flow- are desir8ble in these regions to m.ini::nize fire tails and 
to aid the 11wiping-off" actioP. :Jy the extinguishing agent. 

6. 'I'ne well in the lower part of the cowl aro1.:nii be air inlet to the oil cooler must 
he separately protected against fire. 

7. 'Jhe tests shO'l'il:ld that --;irheel l'iell protection. is unnecessary provided the firewall is 
tight against fuel and flame lea'.-::age. 

8. Reasonable flame tightness of the a:::cessor:y region cowling and firen-a.11 is necessary 
to prevent relighting of fires. This is particularly true of foe opening through the cowling 
arounj the exhau5t stack. 

9. 'Ihe presence of pockets, such as eLst in a heating shroud ;;;.round the collector ring, 
~ill result in relighting of fires. 

10. With an increase of air flow- through the cm..-ling fro:'.ll 55,000 pounds of air fer hour 
to 75,000 pounds of air per hour, difficulty of e:xtintP-Ush.JJent was :'_ncreased considerably, 
al though the fires did not burn as ::_ntensely imide the CD"lfl rib the greater air flow. 

11. The tests showed that methyl bromide 2.r:d carbon dioxide are the only extinguishing 
agents of those tested l'bich are satisfactory for eenera: protection against aircraft powerplant 
:'ires in flight for the CW-20 ty1)€' ir.stallation. Jleth-yl bromide is the most satisfactory agent 
from the fire ex4:,ingu.ishment stan~pcint for the installation testert. 

12. 'llie rate of extinguishing agent applica4:,icn is the most important. factor in fire ex­
tinguishment. For the entire en8"ine installation in the CW-20 type arrangerr.-ent., a rate of ap­
~lication of 9.0 pounds per seconj of methyl brolll:~e or 8.8 pounds per seconrt o~ ca~~on dioxide 
is req_uired for adequate e::ct.icguishmen~__. ,,,-ith the :uost ef.':'ic-:_ent n.:._stribution system tested. 

13. Toe minimum duration of extinguishing agent application found to be satisfactory was 
approxirna tely 2 to 2. _5 seconds for the most efficient extingu::_sh~ng systerr. tested. 

The purposes of 
and oil ignition ln the 
the ignition hazard ;nay 

IGNITION TESTS 

the ignition tests were: (1) To study the possible causes of gasoline 
CW-20 type installation in flight; and (2) to determine methods whereby 
be reduced. 



Procedure 
The majority of tf'.e data on fire ignitim were obtained inci1ental to the ot'ler tests on 

extinguishment, detect.ion, and :naterials. 

CeTtain specie! tests were carried out concerning the igrtltion :1azard of faults in the 
exha;1st syste:n wher. suc'l. openings or cracks wer-e observed during t'.1e tests. 

The possibilitles of ign:tion of oil and gasoline fr-om 2rr electric spark were determined 
using a 15,000 volt spark deliberately produced ,lfith a S?,ark plug. 

~es·u1 ts and Disci..:.ssion 
Since it was def:'.nitely co,1cluded fro;-;i the tests on the OC-3 t;ype installation that the 

r:-;os"':. probable source of ignition of an aircraft pcnrcrplant fire l~_es in er.closed poc',,;:ets, beating 
shrouds, or wells around the e:xhai;,st s,ystem, no tests of t:1'..-s nature were attempted in the 2-W-20 
type arrange~~nt. n-.ere were r.o ~ockets in coilf'.ection rith the eX:Oaust system in this test set­
up, anC. no ign:'.-tion from explosive vapors was o:J.served in any of t,e tests. HO/fever, it is :.o be 
noted that this source of fire ignition is generally considerec1 t:ne most dangerous in a powerplant 
iE:-atallation. 

Ign'. tiori of ':Joth gasoline and oil can ::-eadil:,r be obtained throug:1 cracks or openings in 
t'.1e e:xha·i1.st system. This is part::.c·J.larly true of oil released in the p0ll"8r region, hut it is 
ah:o true for either oil or gasoline released in t:1e accessory reGJ_on of the Gi;J-20 t;ype instal­
lation because of the absence of a separating diap1-.rago a:--iC. hec211se of t'.'1e -t.urhulent air flow 
erlstini; inside t:ne cowl. Ase. re,sult of tt-.e tests it is helieveG that where no pockets or 
wells are present, the poss'..bilities of igri.itioE of gasoli::10 or oil through faults and cracks in 
the exhaust s:.ac:.: and collector ring constitute the most prcba'"lle source of ignition. As dis­
cussed in the D2-3 repor-t, stopring the engine before extin~ishing t'.le fire prevents reliW!"':.ing 
of fires ignited from such sources. 

In none of the tests co:1ducted with "':,he C'f-20 cmrling arrc:inge.nent "7!"as ignition of gaso­
line or oil from contact rith "':.he hot exhaust system or other hot or glaring par~s observed. 

As in the DC-J tests, gasoline coul:-J. be readily ignited from a high-voltage electric 
spark, ½ut oil could be ignited from such a source only rlth great difficulty. It is to he noted 
that t'.1.e e"!Jser.ce of the separating diaphrag:u between the po7fer and the accessory re~ons in the 
CW-20 type arranger;-.!Elnt r,...iakes it possible for the gasoline released in the accessory region to 
reach the engine ieni.tion system. 

Conclusions 
1. Ir, the tests l'fi th the CW-20 type installation., no at terr.pt wac, :nade to inve.stigate 

the pro'Jahili ty of explosive igni tioc1 of gasoline or oil collecting in pockets or 11Blls around 
the eX:.1aust system. 3owever, prev::.ous tests on the D2-3 type installe.tiou '.1aw indicated this 
to be the most probable source of ignition in a powerplant installation. 

2. A faul t.y exhaust syste:n ,ri t'.1 cracks or openings constitutes &. probable soi.;.rce of ig­
nition for either gasoline or oil released in either the power or the accessory region. 

3, In the tests of the CW-20 tJTB installaEon, no ign:.tion was obtaine,i ·,;ith either 
gasoline or oil in contact with metal surfaces at high temperature. 

4, It was found that gasoline can be readily ignited ti~r high-voltage electric sparks, 
but that oil is ignited fro~ this source only with difficulty. 

5- It is concluded from the tests that stopping the engine before attempting to extin­
guish the fire considera'Jly re<luces t:lc possibility of re-ignition o:~ the fire after extin~ish­
ment. 

"'i'IRE DETECTOR TE:lTS 

?urJ!OSe 
'The purposes of the tests on fire detectors were: (1) To continue development of 

various types of fire detectors for detecting gasoline and oil fires occurrir:g in aircraft po.ver­
plant installations in flight; and (2) to deterILine for each type of detector t:l.e number required 
and the opti~um location in the CW-20 type installation. 

Procedure 
A standard gasoline fire of O ,JJ gallon.s per minute was utilized fer both power and ac­

cessory region detector tests. This standa~d was established in the tests of the 02-3 type 
installation. A Hre of this typE! in the a~cessory region is shawn in figure 28. It is 
considered that a fire of this size represents a miniffiu:n size of fire ~hich shoul~ "be rapidly 
detected and would not be of i..mr:lediate danger to the aircraft structure. 
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In the tests the detectors were connected electrically to signal lights in the control 
shed, and the time bet"een the start of the fire an:i the time the light signals first wer9 ob­
served was recorded. 

In conducting the detector tests, the st.a.rrlard gasoline fire was started at various loca­
tions throughout the polfBr and the accessory regions. For each location of fire, the detectors 
were located so as to obtain the most rapid indications of fire ar.d the sracing of the detectors 
was decreased until a time lag in detection of .3 secon::l.s or less l'i'RS observed, 3y continuing this 
process with a large variety of fire locations, the optimum location and spacing of detectors 
were determined. 

In the case of continuous detectors, the detectors nre placed at the sa.11e location as 
determined for the unit types, but in this case there was no necessity for determining detector 
spacing. 

In order to determine the effect of rain on the operation of the fire detectors, a 
stream of water at the rate of 15 gallons per minute was intrcxiuced into the air stream from the 
i'find tunnel forward of the propeller during the detector fires. 

During these tests, observations were made of the time required for the detectors to 
operate under the actual fire conditions in the nacelle. In order to obtain a ~ore accurate 
comparison of the time of operation of the various detectors, a laboratory set-up was made in 
which this could be determined. This set-up is shown in figure 29. llie laboratory arrange::n.er.t 
consisted of a gasoline burner in conjunction wit.h an electric timing clock. The detector was 
p:aced in the gasoline flame at the time the clock was started, and the action of the detector 
stopped the clock to give a measure of the tire of operatio:1. The flame of the gasoline burner 
,ras spread evenly by the use of a rire screen in the fl~e, and a t:nermocouple was utilized to 
indicate when a standard flame te:nperature of 1900°F, ,,as obtained "b::::!frn:-e each test was conducted. 

It was found that the ti.Ire of operation of the various detectors with this laboratory 
set-u? l'ffiS essentially the same as that obtained in the nacelle with the standard gasoline fire. 

J'y~s o:= Detectors Tested 
Four types of fire detectors irere included in these tests. Tne Walter Kidde & Company 

unit flame type detector and the American-LaFrance-Foami te Corporation unit metal expansion 
type, as described in detail in ~ne DC-J report (see figures JO and J~), 11rere included for de­
termining optimum unit typs detector locations. 

The conti~uous fusible alloy type detector r:i.snu.factured by Femral, Inc., as described 
in the JC-3 report and as shown in figure 32, was also included in the GW-20 tests. H01Jever, 
this detector has undergone ad.ditional development including the use of a new tin alloy am. the 
substitution of a rough copper plating in place of the nickel plating previously uaed. The tin 
alloy used in the latest type of Fenwal detector has a melting point o= J60°F. 

Also included in the tests was a continuous ioni2a.tion type detector develored by the 
llinneapolis--Honeywell Regulator Company. 'Ibe detecting ele:nent of this urit consists of a con­
tinuous hare conductor mounted on ceramic or pyrex glass insulators, as shown in figure JJ. The 
conductor l'fcl.S conne8ted to a sensitive electronic indicator. The operation of this detector 
system depends up-on the conducting and rectifying properties of the gasoline or oil flame, and 
this detector rill operate whenever a turbulent flame contacts bofo the ma.in aircraft structure 
and the conducting electrcde. 

Res":.llts and Discussion 
The continuous ty:p9 :ietectors included in the present series of tests are still in a 

state of development, an:i it is considered that further develo_pG:tent is necessary before they 
rill "b::::! suitable for use in actual aircraft installations. Results of such development will 
½e covered in future reports of the fire test program. '!':le CW-20 tests ir.dica te the proper lo­
catiorr of the continuous as 11rell as the unit type detectors in this installation and further 
establish the necessar;:/ design criteria for fut-..1re dewlopment of such detectors. 

As in the ~C-3 tests, the tests on the Clf-20 type installation showed that the effect 
of the fla!!j3 stratification in the cowling is extremely important in determining satisfactory 
detector action. In both the power .md the accessory regions a high degree of stratification 
occurs, and a strea.r1 of cold air may be passing directly over a detecting element to keep it 
fro:n operating ffllen a very inte!lse strata of flame may be passing within several inches of the 
unit. ts was found in the previous tests, heat radiation from a flame to a detector cannot be 
depended upon for detector operation, and it is essential that the flame pass directly over the 
detecting units. For this reason, the proper locations and spacing for the unit detectors were 
determined so that, for the Btandard O.JJ gallons per minute gasoline fire, the flame would 
come in contact rlth one or more detecting elements for any possible fire location. The proper 
locations and. spacing for unit detectors are given in figure 34, and the proper locations of 



11 

co~t~n~ous type detectors are glven in figure 35. It is to be noted that a spacing of 18 inches 
or less ~or unit detectors is required around the engine mount ring -where detection for power 
region fires is obtained, and t·:1at a spacing of 8 inches or less is required on the fire-,,mll and 
in the gill opening where a higher degree of flame stratification occurs. At all locations it is 
necessar:y that the detector project out .frorr. the supporting structure so that it may be completely 
surrounded by flame. 

The time of operation of the var:i_ou.s detectors as determined in t!'le nacelle and in the 
laboratory set-up is shmm in Uible IV. 

Table IV 

Tirre of D;ieration of Detectors 

Detec.:c.or llanufac turer Detector Type Temperature Setting Opera ting Tl.nx:, (Seconds) 

A.r::terica~-La.Fra~ce- )let.al Expa::ision 400° F. 3.5 
I Foami te Corpora ti or_ 

' 
' i Fernml, Inc. Fusible Alloy %00 F. J.2 

I 
ll~nneapolis-Honeyw8ll Flame Ionization - 0.0 
Regulator Company 

Wal-':,er Kidde & Company Ei'laoe i - 0.0 

"It ls seen t'.'lat, the flame type detectors proviie more rapid detection Vian the detectors 
lUl.ich depend upor_ the heating of a disc or f1.:.sil-ile alloy, althoug:l satisfac':-ory operation may he 

obtabed wit:--t ar.y of these types. 

Cf the detectors inclWed in the pr~sent tests, the Minneapolis-Honey,,rell io:rization type 
was the only one which was affected to any clegree b)' rain water. Wi Le-1 th:'._s t:,~ it i,-as fcund 
that there was a ten::ie:icy for the :nsl:lators to :Jecorne wet and to "ground out" the indicating 
circu.i ts, causing the detector to become ).noperat~ ve a:id to give occasional false alarw. Ho,,r­
ever, furt,her develop."11ent with this detector is now ':Jei::-ig carrie:i out to elioinate this diffi­
culty. 

Fro~ these tests it was determined that the design c:,,-iteria for adequate detector oper­
ation which were established in the OC-3 tests, and as discussed in the OC-3 repo:,,-t, st~ll are 
valid for t~e CW-20 installation and require no .:no:iification. 

Co!1clusions 
1. Adequate detection of aircraft powerplant gasoline a~d oil fires can ½e obtained ir. 

the CW-20 type insta:lation wher:. proper detectors and detector locations are utilized. 
2. The proper locations Jor fire detectors i~ t~e GW-20 -':,ype installation ere around 

the engine mount ring, on the center and bottom of the firewall, ar.d on structural me~bers in 
the cer:.ter of the exit gill. 

3. Th.e spacing of unit type detectors in this installation should not exceed 18 inches 
around the engine mount ring and should not exceed 8 inches on the fi~ewall and in the gill 
opening. 

4. Tne need for further development of continuous type ~ire detectors is jndicat€d by 
the tests. 

'lA TERIAI.S 

T~e purpose o~ the tests on materials was to determine the effect of gasoline an::l. oil 
fires on the various materials and equip-rent commonly used in aircraft powerplant installations 
and structures. 

Description of llaterials Tested 
'Ihe raaterials used in the CW-20 installation were as follows: 

EnV.ne mount - SAE 4130 steel tubing of 0,065-inch wall thickness. 
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Accessory cowl - both 0.049-inch alumim.llll. alloy and 0.013-inch sta:!nless steel. 
Fire1ra.ll - 0.040-inc::I low car:JOn steel. 
Wing a:ni nacelle ski~ - 0.012-inc~ stai::iless steel sheet. 
E::igir:e fuel systerr. - standard alu.rtlr.um t-ci.bir_g installation lagged with ashestos. 

Also, s~cic:.l acdliary W1lagged fuel syste:n with standard 
fuel pwnp and 5/8-inch C1 .0. ah:minum alloy tubing. 

Engine oil system - alumimun alloy oil Uink anj oil lines --,.----'.1_ th standard AN 
~neoprene) hose connections. S-::i:1dard soldered constrJ.Ction 
0·1-1 cooler 12.gsed ext.err.ally with asbestos. 

Tjre - standard JC-3 tire. 
Test panelo of suhst:itute ='irewall matehal - 27 panels of various :naterials 

sug-;c::;ted as s~bstitutes ='or stain­
le;;::.; c;teel in fire·..alls. A 
des~r::._~tio~ of t~ese panels is 
,:;ive:'.1 in ":.able V. 

Table V 

Suhstitute Materia.ls for Firevralls (9 11 x 12° p,9_::-,e:,ls) 

Thi~kness of sr.eet Th' ~kness of So.s.ti!"lg T'Jescr::.ption 
(Inch,3s) (In~f':es) 

0.010 C.00016 :-::oroni te CO2.ting of alternate Zn 
a:1C r::_ 'lipping OS :'lild steel sheet 
heat treated. 

2 :J.010 0 .0002CJ " " 
1 O.OlC D.00023 " " . 
4 C .r.JllJ 0 .()OUJO " " 
5 U.OlC 0 .CX}JJ2 " l:cn-heat tre;:i t.8j 

u 0.010 0 .OOC32 " " 
C 0.010 0.00040 " " 
3 0.010 O.DC{l40 " " 
9 o.o:o ~ .coo40 " 11 )Differe:it 

lC 0.:JJ..0 0.00040 " ")ratio of 
plati::1,_z 

I from 7 & 
11 G.017 Al·clci..nu,:n d.::..pping on mild steel 
12 ' 

' 
0.023 " " 

~J c.02: " " 
14 0.015 " " 
15 C.018 l - 6 Cr. - Mo. 
16 

I 
C.025 " " 

'" I 0.040 Special "' al '.Uili mrn coating on Ill~ l:i 
s+,eel sheet '.'leat treated. 

18 0.040 " " 19 0.039 " " 
2G O.D37 " " 21 0.040 Specictl cilUJtir_j m coat.i.ng or m::..1-i 

s"'.",eel sr.eet, non-'ciec1t treated. 
22 0.055 " " 
23 G.OJJ Speci:cl al·J.JT~l num coatir€: on mil'! 

steel sheet, Sdn:i [,] asted . 
2L 0.02D .Stainless-clc:1d sild steel 
25 0.020 " " 
26 0.02'7 " " 
2'/ 0.02'7 " " 

?rocedure 
Vos+. cf the tests O:'.l :rr:.sterl2.ls wcr8 conducted ir. con,j"x:1ction with the fire exticgl'.is':lment 

and de-tee tor tests, obsen'ations beir.g made of t'.'1e e.ff8::.:t of tLe .fire 0,1 the di.ffe::-ent cornponent.:c::. 
In a se-i:,12.rate series of tests, 25 c:'1rorll£1-a::_wriel ther:Joco·J.ples 1re-:-e :=r.1..'lLed at Jifferent loca­
tior.s t:'lro·J.ghout tr.e nacelle to o'.~tain tempera-'.:,-xre::o o:' the various pc:!rts of the structure '..L1ci.er 
typ:'..ca1 :'ire cond2-tions. A 'r..,ank of 25 pyrometers and a slO"K speed cc1:11.era, as ciescribed. in Pc.rt I 
o:: th.is re"S"ort, were used -i:,o record the tempo-.--a"t:..trGS Curing the .::'iros. The ther;-;oco-__ rple locc..­
t.ior.s are s:1own :'...r. figu:ce 36, and tberli.io-::.:our,les on the oi.;.tside of t:--1e cow::_in.e; are sLow.i in 
.'.'2-gure 37. 

8 

I 
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Test,s o:' the rubber tire were cor.d·ci.cted wi ~Ji t_'le wheel ar.d Vie ti re in ':Jeth t:'le retracted 
011ci. extended :Jositio:-is. C1bsen'ations ,·,ere made to det.e::"mine the effect of t 11e Ore on the tire 
and the ease vr·1 th which this fire coul:i l,e extinguishe,~. 'I'eats '.'i"ore :c1c1.de of :::< standard alurinur::t 
allay ga.so:ine system j n Tiich An auxili2-ry f,-lL'1p and ry.soline line.': ,,.,ere ::noL::ited .::_n tf:'.e n=1celle 
forw:c.cd of t'le f.ire..a:7._l w:'._thou-!", asbesi,os lagEJ_ng on the alwn.imrn tu~Jing. Gaoo::_j_Ee was pu.::r.ped 
-':.hrough this syste::i at the same rate as in the standard .::.·uel s::stem ·i::i foe en{P-:1e, an:i the effect 
of fir<: on 1)1C al1-1.oinllll li::ics a:id the tender.cy to vapor lock were o1rnervcd. I:'.1 addit:i.0:1, the 
effect of t:'le fire on the various ducts, brac;.;:etc;, straps, ctnd :niscellaneous ec_u"i.pmen-':. i,1 -':.he 
nacel~e was :-:icLed. 

]esul-':.s a~d Discussion 
As r_oted previcusly, rr.:Jst of t:'le engine c.1.ccessor.:...es wen; covered ,rrt:, a lag.J}.ng ccnsis­

t.in,3 of asr:>es:os ar_j '1rnterglass. However, be cncine r:::iow1L, the firewall, L1e eng:ine o::_1 s~Tstcrn, 
anC. the r.ain nace1le str·c1ct1.;re were left expcsed to the fire. The ,u.axjmurn te::i.perat:.1retl a+, 
various loca-':.ions on the co..,li:-:ig, ri_acel~e, wing) and firewall 2::'e shm'r:'1 ir. figure 38. At- !TJ?_:1y 

locn'::,ions tc111pe:'."'atures ::_n exceB0 of the mcltin(. point of aluminum alloy were reac'1ed, and tem­
peratures which would seriously decre.s.se the strcngt:1 of stainlec,s stee:'i. structur8:3 ...-ere 
_1J€!cl.S-.lr8d. T_,e da"'.".a g:i ven are for ::'ir~s of JD seconC.s d'.1ration. Figi_;_res 39 \o LS show t'1e ra-Se 
of increase of temperat.W'.'r. at tLeoe various :ocatio:-:is for typ::_cal gasoli:'le an:: oil :"i:-es. It 
is seen thc1.t a c2ximuc t.e:nperature is reached 20 -'::,o JC tieconds after -:-,he fire is started. 

At the be,:;inning of the tests, ah:Jt:inurn alloy cowllnG was used arcuncl the accessory 
region. '-s the tesT,s were co::1tinued. anrl the locat:' on of "':,:1e '.'ires y;::_rierl, sections of t'r_is 
cowl::_ng .vere me:ted o:'f a.nd were replaced with stair_less steel. I+, was fm.: . .nC. tha-::, a~u."'ffi_ff.l.C alloy 
accessory cowlic1g i:l::_gh t 'Id thst,a:id a cons i cle:'able ru.11'-:icr of intense fires -.,,ri +J:o·,1t f~i:;_urc ~eca,1se 
of the cooling effect or the ctir hlrtst O!l t'1e cuLsjd8 of the co.vl, -.,ut c. s-:.:--igle -~ire inc. cr:_ti­
cal lc-cR."':-ion might cause failure. Failure of tr.e c1ccessory region cowlinp; g-cnerally oc-:::l.~Ted 
:::lose to in terr.al stiffe:'lers, ar:pcirer.tly 'Nhe:'e the::ce ,ms a t,i_;_rbulent air flm-r on t'.1e ins::_,-ie Sl:..r-­
face. A.hun2-num alloy c:.o.<:l flc!.ps u.sed in sorc.e of the tes+~s shO"Ne<i rapi'.J. ::'.a-'_l,.1re and were -r0-

pl3.cci filth steel flaps. The entire gill struc.t·.ire was m<J.d.e of stainless steel, and it '.'fas 
indi:::ated ='rorr.. t'.-le temperature d2ta t:,at aL.unim:.m alloy wo-cild fail rap~_dl:,c at this loGation. 

,1-i.s in the tests of the OC-3 type installation, no tendency for ::ieltins or faih:.re of 
the NACA eng:'..ne co1il::_ng was o':=iserved. T·1e :,c,~and11rd steel engine moW1t used in t:1e D8-3 :csts 
was utilized ~n the CW-20 type set-up. At t:'le coin_:Jle-1:,ion of tiese tests, this engine rr..01..:.n-':. had 
i_;_ndergone app::--oxi.Jcatel:,,- 2,20c, fires w"ithout ap-sr'ecic1·:)le daua,s:e except for :::orrosion a:1d scaline, 
'.see .figi..:.re 5). However, it should b8 noted that ;:-c.ost of the i'ires lasted for onl:-1 3:J seco:ids 
ar_.ii tLc. L tr.e engine oount sustained. onl:y the weib'ht of -':-he powerplant without adch ti or.al accel­
eration loads. I:o est".__mte car. be g~vcr: co:-:icerning- t':-1e protB.blP tLne of faill..:.l'G o:=' su::::h ar.. engine 
;--:-101,;..nt .:'.:'o::-- f.ire:o of lor_~er i:'ldivi::l.UE.l duratior_ an:i l'ri.th acceleration loads applied. 

T·1e alUE.ln'J.m alloy oL_ tan:C-:: a:-:id oil -:..ines ·__;.sed ln t::-ie previous tests also l'rere utilized 
in L1~ _'.7f-2C te.3 l. set-up. No app:.eciab.::.e d.amc.ge to "_,he cn[:ine oil system occurred as lor._s as 
-':.'.'w oi 1 taru--. c1.nd ~ir.e"l. co:'.ltai ncd flowi.l7._.';' liquid. The tendency .rc-r the r.eopre:'le hose c:Jnr.:=ct.ions 
to c·1;,.:c 0.:'18. .~ail a.:::.'ter a :,·,L11ber of fi:c-es wacJ o"hservcd, altr_ff.1gh t'.1ere see:ned to '.-::>e no tendency 
to cc~:proac'.l fE.j_J,:re in a:-:iy sincle JD-scco:'ld fire, The oil coo~er used in tLe u:::.-J -':.ests, 0:-io-wn 
_:_n fiJI1J.re 6, -;vas ·.1sed in the CW-20 set-vr and was lLYJdamaged in an:,. of t:,ie fires .i.n sccite of .... ,he 
fac-1:. t·1a~, r r:ar l~,, al: of tr.e ::::_res in the '.:,W-20 t:y--pe- ir,s"'.-,alla.,.~io:1 passe1 ("\ • ::cec+ly 2.,-,oU'.T:l t:1e oj_ 1 
cooler, comcletely en,eloping it in fla:ne. =t, i'/"c'.S ,-~ppc1rc:-:it -'.:,1--,at as lor,g as t'.-1e ';last of coo~ing 
.s.i::::· was rn.<i.ir.-1:.airn')d throw:;h the o-L]_ coo~er, no darr.a~ to the ::;oo~er .vouLi c.ccur. 

:n t:ie :cresent set-up a steel ;,ir -i'J.Ct -;,,as user1. to co:'lduct the coolin,c; 
front.. of t'.,ie cmvlir.g tc t 11e oil ra:hator. :i:t r,as ir.djc.?.tsd. L1at the use of ar_ 
this purpo'.ie woi_;_l:l probat~:,c res"..llt ::_n ':rcITning t~o1J.1I'l o·~ the rluct a::id extra--:i.ce 

cl::_!' froc 
al •J.minU.il 

of fl;:irr,_E] 

c.he 
d1.:.ct :'O'":."' 

-'_nt1J tl--ie 
lront of ')--.e 0:1 ccoler, with resultan-':- fctilure of soHere:i joints. No actual test of th:.s con-
di +,ion lEts 1r.?..c'.e. 

Tests ,·rere 1Gc1de cf a gasoline system ut2 liz:ir.g aLw.i r:wn alloy tcbi:-is in wLic·:1 an 
auxiLEr~,· gasoline 0urr.p and lines were 1L:oc1ted al-,e2j of tLe f:i.rewaL_ w::_ thout "'.s"::.iestos lci.gg.'..rcg. 
'Ihe effect of a JC-secon:i rrascline fire on the al1_;_mj_::1u_,n alley gasoline lines is shmm in 
figure 49. Vapur lock was fmei:i to occur in t:1is s,yste:n ::_n less than 15 seconds, wit'.1 resu::.tant 
b·.1rnini:; ~,::rouer. of the alu;:nin'1.il alloy lines a:-:id. the re:::.ease o:~ la::--t;e c_aantities oI ,;a'.:loline to 
fccrl.. t'.1e f:ire. Jt.us, it j_s indi.c?.tei th;;t alurr..inu.rn alloy lines are uns.s.tisfe.ctory fro:H a fire 
protection ste.r_dpoint for conducting gasoline, although suc:1 li::-i.cs are sati.sfac"'.",ory for the oil 
system. 

T.:-:.e test5 on t~1e rubb-.. <r tire ir_ [;oU: t~,e retracted 2.nd t"ne ex-Wr-::led posi-::.ions showed 
that the tire woul:l ig,Iite i:'l less t'.1e.r. 30 secor.is 2nd thal the rcsuitant fire wo,.ild not C8 :::o::n­
:c-letely extinr:;Jj s:led by c.pplication of the extin51.1is:Ur:g agent. Smo"c1ldering if'. tte tire contirn;.e'.l. 
for some tirr.e after the med n fire -,,as extingi_;.ic.,:'lei t·u.l, evenLiall:,1 ceased wi foout ':icrnir,g c :x:.rlete­
ly through -':.he t;;_re. In geceral, the srr.culdering cor,tin1.1ed ,;ntil the ::':'.shric in the tire was 
reeached, 



TJ-.e test panels of the various substitute firewall materials listed in table V were 
rnour.ted ict ar. opening in the nacelle skin directly behind the gill opening in what ;ira.s fourcd to ':le. 
a reg:'._on of rnaxirr.urn ski:, temperature. Each penel was left in place during two or three intense 
fires in this region, and the effect of the fire on t1e pac1els and t'.1e maxi:w..un terr_perature reached 
by ":-he penels were o'Jserved. An aL1.::ninllill panel of O.OJO-inch thicl<cJess at this locat~on 1ras ob­
served to bi..:.rn coopletely throu!ti in 10 to 15 secon:is, hut none of the firewall materials showe:i 
se:cim.:i.s signs of failure. In some cases wit'.1 the thinner gauge materials 1rarping, discoloratio:::i, 
and bUTning of -::he surface coatings occurred. The appt,arance of several of" these panels after 
test is shmm on figure 50. In general, it was :found that any o~ these ;naterials would withstand 
an inter_se t;asoli!"le or o-il fire for JO seconds 'ti thout burni:--.g throu,Sh, and that they are com­
parab1e -':,o stainless steel in -:~his respect. 

Conclusions 
1. Tr,e structure of a :::.W-20 type nacelle and, ir. particular, the accessory cowling, 

firewall, and nacelle skin behind ':.he .firewall, can be seriously affected by an engir.e fire 
·.ti thin 15 seconds i'rom t'.l.e start of suc':1 a fire. 

~- Te:J.p3rat1.rres as grec:..t as 1700°F. were observed on tf'.e C0'1Jling, firewall, and nacelle 
sk::...n dur:'..ng typi-:::al gasol:'cne and oil i'ire.s. Such te:upera 4:.ures will res"".11 t in the :nel ting cf 
ali.:.:-rr.i:1Ulll alloy and 11r::.11 ser iouslJr reduce t.rle stren&"th of sta.::.'.1less s-::ee::.. 

3. T'.1e coc1ventior.al welded steel tube e'.lgine mour:;t i.:..sed in t:le tests :1as s•J.ffered no 
.serious :1a..rnE.ge d'J.rin& approx.Lna.te2.y 220:J fires, o.ost of which were of JC secor.C.s d1J.ration. 

4. T:'1e firewall of 0.040-inch low -::::arhor_ steel 7ffiS not .sp:;-ireciably damagei by a;rproxi­
mat.ely 800 gasoline an:1 oi:.. fires, each of 3:J seconds duration. 

5. Tn.e alu:n.inwn alloy oil tank and oi.::_ lines 1'"e:ce r:.ot apprecisbly B..ffc::::ted a~U!r 
approxi::-LtJ.tely 2200 gasoline and oil fires, eaci1 of 30 seco:::ids du.rat.ion. However, the AJ-( (neo­
prene) hose conne-::::t:_ons in the oil system were darr.aged after a smaller nu.rr:ber of fires. 

S-. J..11.ll'i:G.m.un. alloy srasoline lines w1::_1 barn through from an ir.tense gaso::.ire or oil fire 
in approx:L::ua.te:y 15 seconds c.s a result of vrtpor lockine o:' tt.e 5as0Lne system. C-':,ter al·JJIG_:-rJJI. 
alloy tu':::iing in ll'hich there is no liquid is damaged in a sifillar rr,anner. 

TI-le oil cooler was not apprec:i.ably damaged by fire after approximately 2200 fire 
tes:.s. The oi: ·coole:!:' ai:o inta:..::e, however, must be ar:rangeri so .s.s to preclu:le the entrance of 
fire i~~o t~e air stream forwarJ of t':-ie cooler. 

8. 1":le lcind.ing gear tire will ignite a::-iG will cor.tinue to smoulde"c for some tine efter 
f:'._re extir,€"Uishme:1t, l:rj_t such sn:.oulder::_ng will cease be:'ore cosplete pene-tre.tion of t'.le tire is 
otte..ir_e:l. 

9. Al·.irc.Jnum alloy cowl flaps were found ~o burn off readily from ,gasoEne or oil fires 
i::i C::':'_ tical locations. 

::_o. The e.luminum. alloy NA-::::A co,,-l was not seriously danaged hy a!ly of the fires. 
11. Substi-<:,ute :'ire-vm.11 rnaterLals consisting of a low c:arb::in steel base or low nickel 

content Gtai!lless Jtee=. r<ithstood penefa•atiorc by fire in a mnne:- conparab:e to strtinless s~el. 

CQlfP_l\._'USON CF' CW-20 A:ID D:::-J TYPE COWLINGS 

T-1.e essential struct~.'!.:;_ characteristics of ':.'.le CW-20 type c01rline, as c:orr,parei with tr.e 
t,e--3 tJ'P2 cowling, are t'.,e a·"Jsence of 2.. dia:?hra€:ID cowl ~eparatinc; tte power a:1d the accessory 
reg:'._ons and the eX:.1aastir.g of foe e!l[:ine coolini; air throi:.5h a single lower ex.it gill at the 
bot~,orr:. of the accessory re[?.on. In addition, the ci,--20 arrar.ger;ie!lt as t,.es~ed includes an ex­
!1aust stack thrm;.Gb tile side of the cawli!lg in line "l'ii th the col10ctor ring ratr_er than rearward 
through Et well ir: t'.le a'.Jcessory reV-on. 1':le effe,~ts of these desigr: feati:.res upon the fire 
-::haracteristics of the CW-20 type cowling as noted jn tl1e present tests a~e as follows: 

1. Tie al:isence oC the separa+.in.t:_; diarhravn ca·.1ses pCW"P,r region fires to 1-;·..J.rn more 
co□p:'..etely in t':le accessory :c-egion anj_ on the firewall rather than on the outsiC.e of the cowl. 
Pc""Her re;:_,;ion fires in the D'.;-3 type installa":,ior_ s:nrea~ to the accessory region through openir.gs 
ir_ the :.liaph::--agm ani cowling. In thR C.V-20 ts--pe instal2.ation, however, t:l.ey inrnediate:y oc,:::.upy 
the accessory am fire,rall re~or Rnd are larger- anrl. hotter in t'lat re~~on. Also, for rr.any fire 
lo::::a"'.;ior::s, little or no outside fire tB.il is olJtR.incd. As El. result, more complete burning of 
the fire o:Jcurs ir_side the cowl-'--ng ',rit.'.'l a more de3tructive effect on t}:e str.1ct·JJ'e fori'l'ard of 
the fireWcJ.11. 'rne max.i:w.un te::rrper;:i_tures measured on the [Lrewall in the CW-20 tJ'f'E! arrrtr.e;ement, 
as sf'.own ~n :::~igure 38, a-re considera½ly hichec tJlan the max'_mLlffi rirenR.11 t.r:>:nnerature o.:' 5DCfF. 
measured with tte DC-J type ~sfal1at::.on. 

2. The exit of the engi!"le 0ooli!"lg a:'...r through the lower gill results in a concentra­
--':,ioP. of fla:::1e over t·~e lo""Her part of the nacelle Ekin -9.nd WT'_eel '"JUt elicnina¼s all flame ~ram 
the upper par-t of the nacelle sf.in back of -:.r.e fire,-rall and :'rom much of the Viing skin ad~acent 
to t.."1e nacelle. As a result, the fire iE concentrated nore intensely over a sma.ller portion of 
t:,e r,acelle and. wing, and higher ter::rperatt:.Tes are reached alor.g -':,he botto;n nacelle skin back of 
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the firewall. 

J. In many fires around the lower cyliniers in the power region and in the lower acces­
sory region with the gill completely open, a long fire tail may be formed which has no contact 
with the main nacelle structure. Thiel is not likely to occur in the conventional type cowling. 

4. 'Iba absence of the diaphragm cowl greatly increasee the possibility of flames from 
cracks or openings in the exhaust system igniting gasoline or oil released in the accessory 
region. In the conventional cowling arrangement the gasoline or oil cannot readily 1JOrk forward 
through the diaphra~ to cone in contact with the exhaust collactor ring but can readily do so in 
the C'if-20 arrangement. 

5, 'l"ne type of exha.UBt system in the CY-20 type installation with the ,short stub tail 
pipe extenrting directly through the side ccrwling is less hazardoUB from the fire ignition stand­
point than tb.e conventional shrouded tail type. Tne C1r-20 installation apparently offers no 
possibility for explosive ignition of gasoline or oil vapors aroillld the exhaust system if no 
heating shroud or muff i5 placed on the collector ring. 

6. From t::ie standpoint of fire extinguishment, both the GW-20 an::l. the conventional type 
cowlings offer about the sa::oo difficulty of extinguishm.ent and required approximately the same 
quantities and rates of application of extinguishing agent. 'Ibe optimum types of extinguishing 
agent distribution syBtems in the two cowling arrangerrents are of about equal complerl ty. 

7. 'I.he fire detection problem appears to be of about equal difficulty and requires 
installations of equal complexity in the two types of cowling. 

In general the teBts shcnred that adequate erlinguishment and detection can be obtained 
--,dth the CW-20 as well as rith the conventional type of COlfling arrangement, -with each type 
possessing particular advantages and disadvantages from the fire protection standpoint. 

Table VI 

Fire Test Statistica 

Number of Tests Conducted Quantity of A.gen ta Used 
Extinguishing 

Agents Fire- Rate Total Rate Total 
Tests Tests Tests Fires Tests Tests 

Carbon Dioxide 151 19 170 J2B1 lbs. 227 lbs. 3508 lbs. 

Carbon Tetrachloride 262 2J6 1.98 465 gal. 179 gal. 644 gal. 

Methyl Bromide 135 0 135 168 gal. 0 168 gal. 

Other Extinguishing Agents 10 0 10 9 gal. 0 9 gal. 

Total Number of Tests on 
Extinguishing Agents 558 255 81) 

Detector Tests 152 0 152 

loCa.terial Tests: 89 0 89 

Total Tests 799 255 1054 
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Figure 3. :3/4 Front View of Nacelle Unit 
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Figure 4. Cross Section Thru Cowl of CW-20 Type 
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Figure 7. Fire Nozzle 

Figure 8. Fire Nozzle in Position in Power Region 



Figure 9. Fire Nozzle in Position in Accessory Region 

(Before Installation of Flaps) 
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Figure 10. Interior of Extinguisher Control Shed 
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A. ONE NOZZLE AFT OF EACH CYLINDER-ON CRANKCASE-DISC'1ARGED 
AWAY FROM CRANKCASE-EACH NOZZLE FED INDEPENDENTLY BY 
FEED LINE FROM DISTRIBUTOR AT EXTINGUISHER. EACH NOZZLE 
DISCHARGES TWO SPRAYS-ONE AFT OF THE OTHER. ONE NOZZLE 
ABOVE AND FORWARD OF OlL COOLER. 

B. SAME AS A. EXCEPT EACH C_Y~I_N!;!Jc8_NOZZLE DISCHARGED ONE SPRAY, 

---- ------------

~ 

~NOZZLEH 

('\ ENGINE 
~ MOUNT RING 

ii' 

Figure 11. Distribution System-Basic Type 

14 NOZZLES-ONE AFT OF EACH CYLINDER-DISCHARGED 
AWAY FROM CRANKCASE 

5 NOZZLES AROUND UPPER HALF OF ENGINE MOUNT RING 
1 NOZZLE ABOVE AND_F(?_~_'l!A~D OF OIL COOLER 

___ / 

Figure 12. Distribution System - Type A 
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14 NOZZLES-ONE AFT OF EACH CYLINDER DISCHARGED-AWAY FROM CRANKCASE 
3 NOZZLES AROUND UPPER FIFTH OF ENGINE IIIOUNT RING 
1 NOZZLE ABOVE AND FORWARD OF OIL COOLER 
1 NOZZLE JUST UNDER COWL A'i_D f9_~W~RD OF EXHAUST COLLECTOR RING 

-----------

-

------------------L..':cco-j, - rn 
II I I i' 

"-<~ 

' 
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ENGINE 

) 

NOZZLES 
T-< 

MOUNT RING----

figure 13. Distribution System - Type B 

: / 

14 NOZZLES-ONE AFT OF E.I.CH CYLINDER-DISCHARGED AWAY FROM CRANKCASE 
2 NOZZLES ON UPPER FIFTH OF ENGINE MOUNT RING 
1 NOZZLE ABOVE ANO FORWARD OF OIL COOLER 
I NOZZLE JUST UNDER COWL AND FORWARD OF EXHAUST COLLECTOR RING 
I NOZZLE UNDER ANO FORWARD OF Oll TANK 

------------
OIL TANK 

' " I 

--'r-r 

OIL TANK 

NOZZLE T-4 
UNDER OIL TAt,j,,: lJ d 
ENGINE \I\ ) ) 
MOUNT RING~~ 

Figure 14. Distribution System - Type C 
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TI§!ENGINE 
MOUNT RING ENGINE 

MOUNT RING-----

Figure 15. Distribution System - Type D 

14 NOZZLES-ONE AFT OF EACH CYLINDER-DISCHARGED AWAY 
FROM CRANKCASE 

3 NOZZLES UNDER UPPER THIRD OF EXHAUST COLLECTOR RlNG 
1 NOZZLE ABOVE AND FORWARD OF OIL COOLER ~-- - - - - - - -

----'IC
-:)' 0 

COLLECTOR 
RING 

ENGINE 
MOUNT RING 

Figure 16. Distribution System - Type E 
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Figure 17. Distribution System - Type F 

Figure 18. Distribution System - Type G 
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14 NOZZLES- ONE AFT OF EACH CYLINDER- DISCHARGED AWAY 
FROM CRANKCASE 

3 NOZZLES AROUND UPPER THIRD OF ENGINE MOUNT RING 
I NOZZLE ABOVE AND FORWARD OF OIL COOLER 
I NOZZLE AT BOTTOM CENTER OF ENGINE MOUNT RING 
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Figure 19. Distribution System - Type H 
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Figure 20. Nozzle Types Used in Tesls 
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Figure 22. View of Heating Shroud from Front 
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Figure 23. 5 Gallons Per Minute Oil Fire in Power Region 

Figure 24. 5 Gallons Per Minute Oil Fire in Power Region 
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Figure 25. 5 Gallons Per Minute Oil Fire in Accessory Region 

Figure 26. 5 Gallons Per Minute Gasoline Fire in Accessory Region 
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Figure 27. 5 Gallons Per Minute Gasoline Fire in Accessory Region 

Figure 28. Standard Fire for Location of Fire Detectors 

(One Third Gallons Per Minute Gasoline Fire in Accessory Region) 



Figure 29. Set-Up for Determining Detector Operating Time 
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Figure 30. Flame Type Detector - Walter Kidde & Company 
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Figure 3,1. Ionization Type Continuous Delector -

Minneapolis Iloneywell Regulator Company 
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Figure 34. Optimum Locations for Unit Type Detectors 
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Figure 37. View of Nacelle Showing Test Panel, 

Aluminum Cowl Flap and Thermocouple Installations 
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Figure 38. Highest Temperatures (0 F} Recorded at Thermocouples Located as shm-'>'Il on Figure 36. 
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Figure 49. Auxiliary Aluminum Alloy Gasoline System After Test in 30 Second Fire 

Figure 50. Test Panel of Stainless-Clad Mild Steel Substitute Firewall 

Material after Fire Test (Samples 24 and 25 of Table 5) 




