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DETEAMINATION OF MEANS TO
SAFEUARD AIRCRAFT FROM PORERFLANT FIRES IN FLIGHT

PART 11

STAMARY

The nroblem of providing adequate fire protection in flight for medern, tightly cowled,
gir-cocled radisl aircraft powerplant installations, as previoualy discussed in Technical
Develorment Rewort No. 33, "Determination of Means to Safeguard Aircraft from Powerplant Firea
in Flight, Part IM, for the conventional type cowling arrangement represented by the DC-3 air-
plane, was extended to cover another generasl type of cowling deaign represented by the Curtiss-
WAright, CW-2C airplane. A full scals, operating engine nacelle set-up, similar in general
arrangement but not in size or detailed construction Lo the Qurtiss-Wright CW-20 zirplane, was
constructed and placed in a controlled air blast from a wind tunmel to simulate actual fllght
conditions. Various quantities of gasoline and oil were ignited at locations throughout the
powerplant installation where fire might occur as a resull of failure of the engine or of the
fuel or 2il systems. As in the tests of the DI-3 type installation, the procedure consisted of
four phases of investigetion: (1) Fire extinpulshment, (2) sources of ignition, {3) fire de-
tection, and {4) etfect of fire on materials.

In the fire extinguishment. tests, a variety ol different types of esxtinzulsher nowmzle
arrangements were investigated and the effect of different quanitities and rates of application
of various extinguishing agen<s was determined. 1In additicn, inforrwation was chtained on the
effect of different operating conditions during fire extinguishment. With regard to sources of
ignition, the pessibility of ipnition from the exhaust system, from electric sparks, or from the
collection of explosive vapors was investigated for this type cowling. Tests were made of im-
proved fire detectors and the optimum leocatiors Tor installations of the various types were
determined. Temperature readings were obtained Lnroughout the nacelle and observations were
nade of the effect of the fire on different structural materials at various lecations. The ef-
fect of {ire on the rutber tire, the cil and gascline systems, the englne mount, the oil tank
and oil cooler, and other miscellaneous accesscries, was determined. A comparison also is given
between tne DC-3 type cowling tested previously and the CW-20 type cowling with regard to the
various aspects of the Ffire protection problem.

In peneral, it was found tha® adequate fire detection and extirguishment could be
obtained for installations of the CW-20 +ype and that the rates and quantities of extinguishing
agent necessary were approximately the same as for the DO-3 type. It was also found that the
ahsence of a diaphragm between the pomer and the accessory regions resulted in higher tempera-
tures In tne accessory region.

INTRCDUCTION

The series of tests on the CW-20 type cowling is a contimuaticn 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 cowling were covered in Part I of
this report. 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 DC-3 type installetion, the need was expressed by
the industry for similar tests on other Lypes of nacelle and cowling arrangements now being
used or introduced. Accordingly, tests were started on the CW-20 type cowling in June 1941 and
were completed in February 1942. This type of cowling represents the most distinetive variation
from the conventional or D0-3 type arrangement. It was internded in these tests to determine the
fire characteristice of the general type of cowling arrangements of which the CW-20 is represen-
tative and in which no ssparating dlaphragm is present between the power and the accessory



regions, In this type of installaticn as tested, the cooling air was exhausted through a rear
exit glll on the lower agide of the cowl, and the axhaust stack extended through the aide of the
cowling in line with the collector ring without passing rearward through s well in the accessory
reglon. The test inatallation varied conglderably in gsize and in detailed arrangement from the
actual Curtiss-Wright CW-20 ingtnllation, but was of the sams general type.

A5 in the series of tasts on the DC-J arrangement, the teste on the CW-20 installation
concernad: :

1. Fire Extingulshment

It was desired to determine the cptimum type of extingulshment system for the CW-20 ar-
rangement and the effect of warious types, quantities, and rates of application of extinguishing
agents 1ln this installation. It was also desired to obtain knowledge of the pgeneral fire extin-
guishing problem in this type of cowling.

2. SBources of Ignition
Determination was desired of the most probable sources of ignition in the CW-20 typs
cowling ard the probability of ignition in such an arrangement as compared with the DC-3 typs.

3. Fire Detsction .

It was desired to carry out further develcpment of the most promlsing types of detectors
which previously were tested and of new typea which have been suggested. Information was also
desired concerning the optlmum location of the fire detectors in the nacelle of the CW-20 type
arrangement to obtain rapld and positive indication of fire.

4. MWaterials

Further information was desired on the relative fire-resistant properties of various
materials and compenents cemprising powsrplant installations, and on the temperaturss enccuntered
in the cowling, firewsll, nacelle, and wing during typical oil and gasoline fires for the TW-20
type arrangement.

All of the tests were made at the National Bureau of Standards where test equipment and
test facilities were provided.

TEST EQUIFMENT AND GENERAL TEST PROCEDURE

The test equipment used, except for the engine cowling, was ldentical te that used in the
tests on the DG-3 cowling as reported in Part I of this repert. A diagram of the complete test
layout is shown in figure 1 and a dlagram of the nacelle unit in figure 2. A vlew of the test
set-up is shown in figure 3. The wing-nacelle-powerplant set-up was the same as that used in the
D:-3 tests except that the cowling arrangement wes changed to simmlate the Curtlss-Wright CW-20
type comling. The same Pratt and Whitney 183C-B engine installatlion and engine mount were used.
The same aluminum allcy oil tank was mounted forward of the firewall. All englne accessories,
fuel lines, and the cutside of the oll cocoler were protected agalnst fire by a lagging consisting
of asbestos cloth scaked in waterglass. The oll tank, oll lines, firewall, and engine mount were
unprotected and were exposed to the fires. The engine was equipped for remote control coperation
during the tests.

The test equipment congisted of:

1. Engine

Pratt and Whitney 1830-8B3Q, Wasp - 14 cylinders, twin row, radial, air—cocled aircraft
engine: rated at 1000 hp. at 2650 r.p.m. {take—off powers, and 900 hp. at 2450 r.p.m. {maximum
except take—off power).

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

in diameter, type 3E50.

3. Engine Cowling

Standard DC-3 aluminum alloy, NACA cowling, modified on the lower silde with a stainless
steel adjustable gill to simulate the CW-20 type cowling, and with an air duct for the oil cooler.
The general arrangement of this cowling is shown in figures 4, 5, and 6.

4. Accessory Section Cowling
Reinforced panels of C.04%-inch aluminum alloy which later were replaced with panels of
0.018-inch stainless steel.



5. Nacelle and Wing Section

The external dimensions wera identical to those of the D0--3 installation. The 0.012-inch
gtainless steel nacelle and wing akin carried no load, with the engine loads being supported by
an internal welded stee]l tube truss, The wheel well and nacalle were fltted to receive a standard
0-3 landing wheel, but in some tests the wheel well was covered with & 0,0128-inch stainless ateel
skin, .

&. Firewnll
A welded 0.040-Inch sheet of low carbon steel was used as the {irewall material.

7. Fire Nozzle

The fire nowzzle showm in figure 7 was attached to flexible tubing to pernit appllcation
at any point within the powerplant installation. A small auxiliary gascline supply line was at-
tached to the main nozzle to supply small quantities of gaseline to facilitate the ignition of the
0il. An aircraft spark plug for producing a high tension ignition spark wes provided at the noz—
zle outlet.

8, MWiscellaneous Equipment
An engine control house, extinguisher system house, and a tower for supporting the fusel
and oil tanks wers used. These are described in Part I of this report and are shown in Tigure 1.

9. Wind Tumnsl
Maximum alr speed at the outlet of the tunnel was 70 m.p.h. The outlet was 7 Teet in
digmeter and was located 5 feet forwsrd of the propeller.

As was pointed out in the DC-3 report, the veolume of alir passing through the engine
cowling 1g of primary lmportance in the tests and is affected by cylinder baffling, wind turnel
air speed, engine speed, and the degree of cowl flap or gill opening., As the maximum wind tunnel
outlet air speed attainable with the present equipment was approximately 70 m.p.h., & portion of
the standard inter-cylinder baffles was removed to simulate higher air eoeeds by allowing a
greater volume of mir to pass through the cowling. The approxicete quantities of air passing
through the engine cowling umder various conditions, as measured by means of a pltot static tubs,
are shomn in Table T,

Table 1

Quantity of Air Flow Through CW-20 Type Cowl
(70 m.p.h. wind tunnel speed, 2000 r.p.m. of engine)

Flaps aill Air Flow - Lba./hr.
No flaps Closed 45,000
With flaps Closed 55,000
No flaps Open 55,000
With flaps Open 75,000

Practically all of the tests were run &t 70 m.p.h. wind tunnel spesd, at 200C r.p.m. of
the engine, and with the exit gill completely open. A preliminary series of tests was run with-
out eowling flaps and a later series of tests was run with cowling flaps installed.

As in the tests on the DC-3 installation, SAE 10 ell was used for the fires with the oil
being preheated to 145°C. to simulate the release of hot cil from an overheated engine, and
87-cctane aviation gascline was used for the gasoline fires in the accesscry region. As estab-
lished during the tests on the DC-3 type cowling, the rate of oil flow used to feed power section
oil fires was standardized at 5 galleons per minute. However, some tests were made with rates of
pil flow as low as 2 gallons per mimite and as high as 8 gallons per minute. The rate of 5
gallons per minute was used for accessory reglon oil fires and for accessory region gasoline
fires.

In the power reglon, fires resulting from cylinder failures were simulated by placing
the fire nowzle on or between the various englne cylindere with the nezzle direction and loca-
tion varied to cover all prohtable fire conditions. In the accemsory region, fires resulting
from o0il and fuel line failures were simmlated by placing the fire neczzle outlet just inside
the accesgory region cowling and on the front of the firewall, and also szt various locations on
the lagging covering the engine accesseries. The fire duration in most of the tests was 30
seconds, as 1t was assumed that an airplane crew could apply the fire extinguisher within this
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time. The test fires were ignited by an clectric spark. In the case of oll fires, a small
stream of gasoline was Yirst ignited by the spark to facilitate the ignition of the oil, the gaso-
line then bheing shut ofl,

FIRE EXTINGUISHMEMT TESTS

Purpose

7T The nrurpeses of the extinguishment tests were: (1} Te deterrine the properties of the
OW-20 type cowling arrangement with respect to ease of [ire extinguishment; (2) to determine the
eflicacy of various fire extinguishing agents when applied t2 zascline and o0il fires in hoth the
rower and the accessory regions of the CW-20 type installetiors; (3) to determine for tne varicus
axtinguishirg agents the quantity required, the necegsary rate of application, and the optimum
methords of agent distribuation in the nacells.

Procedure
b telal of 552 fire extinguishing tests were conducted using various distribution metiods,
extinguishing apenls, and quantities ard rates of application of agert.

A2 in tae tests described ir Part I of thisz report, the pgeneral procedure consisted of
applying extinguishing agents with various rates and durations of discherge threough various
disbtritation systems to gasoline ard oil fires at all possible locations throuszhout the poser-—
plart installation. A typical [ire nozzle location in the power region is shomm in figure 8.
Figure ¢ shows a typleal nozzle location in the ascessory regicn. Seven different fire extin-
puighing agents, as listed below, were Included in the tests:

1. Metayl bromide Ethylere diehloride

2. larben dicxide Ethylere dibromida

3. Jarbon tetracnloride . Ethylene chiorobromide
7. Propolene dibromide

[ AR R =Y

Most of the tests were limited to the use of methyl bromide, carhon dioxide, and carhon
vetrachloride. Tae propertles of these extingiishing agents are given in the previous report,
The other azents listed 4id rot preove satisZactory for this aprlication.

hs in the NC-3 tests, the development of satisfactory distribution systems for the
powerplart installation was sccomplished Ly the trial end error method invelving & large nucmher
of tests. A number of cifferent exiinguisher nozzle arrangements were instailed and tested
hefore thz optimim arravgements were determined.

Te effect of rate and duration of application eof the agents on extinguishment was de-
termined. The extinpuishirg agent was applied te the entire powerplant installation and the
rete was varied from approxdaately 5 to 15 pounls of agent per second by changing feed line
dimensicns and by regulating the pressure within the extinguishing agent containers. Te dura-
tion of sgent application was varied from ahout 1/2 second to 4 seconds. The quantity of agent
depended upon rate and duration of application and was varied from approximately 10 1o 35
pounds. The pressure containers used for measuring and applyirg the extinguishing agenis are
ghoe in figure 10.

The general methed of determining the rate of dlscharge of liguid extinguishing agents
from the extinguishing nozzles wns the same &5 described in the report cn the 20-3 tests., This
consisted of trapping the discharge from & single noezle over diflferent time intervals during
the digchargs and measuring the time intervals with a motion picture camera operating at 32
frames per second. However, this can be done only with liguids having reascnably low volatility.

+ is impractical tc obtain similar measurements for carbon dicxide gas and for methyl
bremide “»ecause of theilr high volatility. The discharge rate Jor carbon dioxide wag determined
from the *total amount used and the time regquired to discharge it, as determined through the use
of & motion picture camera. For a given nozzle, discharge rates for methyl “romide were azs-
suced to be suhstantially the same as for carbon tetractloride, since both nave approximately
the same specifiz gravity.

Results and Discussion

Because of the lerge nuuber of tests, no attempt is made in this report tc present the
particular conditions and results cf each individual fire extinguishirg test. Difficulty wouid
be experienced In interpreting the results of individual tests as *he main conclusions were
obtained from observation and general consideratlon of a large number of tesis pertairing to
each particular phenomencn studied.




As in all tests concerning fire protecticn of aircraft engine instazllations, the iype
and degree of alr hlast pressnt are of primery importancse. In the CW-20 typs cowling, the {low
of crlinder cooling air is througn the cylinder baflles, over and around the engire accessories,
and out through the lower rear exit gill. This type of air flow is cornsiderably difrerect from
that in the DS-2 nacelle arrangement. In the CW-20 cowlirg, the fire from a soarce in the power
region is concentrated mainly inside the nacelle and in the accessory region. In the D0-3 type
cowling, fires originating ir the power regicr tend to bwrn more outside of the cowling, spreading
gradually to the accessory region through leaks and cpenings in the separating diaparagn. For
fires originating in the accessory region, the type of air flow us also considerably different
in the two cases, and it is therefore necessary to consider such differerces in the arrar gement
of the extinguishing agent distribution system.

In the CW-20 tests, two guantilies of air Zlow through the cowling were utilized. 1r thae
first case, a flow ¢f approximately 55,000 pounds of air per hour wes used, which approximately
siculates the anpount of air obtained in a DC-3 type cowl using the Pratt and Whitney 1830-S32G
engire under elimbing conditions. In a second series of tests, flaps were mounted along the side
of the rear ex’t gill. Under this conditien, a rate of air {low of approximately 75,000 peunds
per hour was obtained, which is about the quantity necessary for cocling that engine under
cruising conditions.

It was found that with the higher air flow of 75,00C pounds per hour passing through the
coml, difficulty in fire extinguishment was considerably increased, However, with the lower
quantity of 55,000 pounds per hour passipg through the cowl, the fires tended to burnm much heiter
and more completely inside the nacells. This accelerated and aggravated the destructive affect
of the fire on the cowling structure. It 1s indlcated that if a larger ergine were used, requir-
ing a greater amount of air for cooling, the difficuliies of extingu’shment would b increasec
in proportion to the mmount of cooling alr required, and the quantities and rates of applicaticn
of extingulshing agerts would alse be increaged approxizately in the same ratio.

Sore tests were run in whieh the exit rill was partially clicsed. Apain it was found
that decreasing the coecling air tended to cause rore complete burring irside the cowling, resvl-
ting in higher temperatures of the structure. Wilth the gill partially clesed, the alr flow
behind the gill tended to lie closer to the skir or the rear part of the nacelle. In the series
of tezts in which no flape were used, it was noted that &ll of the air tended te pass out of the
main gill opening and that none cawe out o the side openings in the cowl at the ton of the gill.
However, when flaps were placed in front of the side openirgs, considerable alr and llame were
drawr outl at these points and concentrated rore on the lower surface of the wing.

Fire tails tended to hang at a rumher of points arocund the gill opening and nascelle. Ia
particular, such tails tended to havig on the cutside and on the rear edge of the oil coocler wmhich
was set in the centar of the gill opening. Fire tails also would hang onte any protuberances,
such as stiffeners, arourd the edge of the spening or on the inside of the gill, and could he
avoided to a large degres by eliminating such protuberances on the surfeces at th.. = peints.
Fire +ails also were observed 1lying c¢lose to the nacelle skin behird the flaps which were placed
at the upper side openings of the gill. Such flaps caused an extremely turbulent reglon on the
nacelle skin to the rear, with a ccnsiderahle mixing of fresh outside air with the burning Zuel
at this point. For certain fire locations, [ire tails in that region were extremely difficult
to extinguish and reguired a highly efficient "wiping—off" action of the extinguishing agert.
Burning oil and gasoline also tended ‘o whip up inlc the wheel well on many occasions ard con-
tinzed burning for a short time after the mair fire was extinguished, However, no cases of re-
lighting were observed from such firecs in the wheel well,

Trwo types of fuel were used for the fires in the tests. G5AE 10 oil was used for both
the power and the accessory regicn fires, and B87-octzne gasoline was used for sccesscry regien
fires. Gasoline fires in the nccassory regilon were the most difficult to extinguish. 0il fires
in the accessery region, in gezerz1l, burned pooriy ard tended to blow out. However, accessory
region oil fires in which the oil was sprayed directly onte the exhaust collector ring were ex-
tremely hot and destructive.

As digcussed in the report on the DC-3 tests, over an appreciable range the size of the
fire had little relation to the ease of extinguishmert. Proper and even distrioution of extin-
guishing agent which extinguished small fires at any location alsc extinguished larger fires.
In gemeral, the effect of the larger fires was to cause more rapid and greater heating of the
structure and tc produce more fire tails.

The duration of the fires was standardized at 30 seconds. In the DC-3 tests it was
found that oil fires reached their maximum intensity before such time and that continming the
fire longer made little difference in the ease of extinguishment. The gasoline fires reached
their maxinm intensity within & few seconds after starting., Turing the tests, the source of
tne fire was varied over all probable fire locations by moving the fire nezzle. It was found
that the most severe power regich oll fires occourred when the fire nozzle was located on the side



and upper cylinders, while relatively small fires were produced when the nowmzle was located on the
lowsr cylindera. In gereral, the most intense fires occurred when the fire nozzle was placed on
the cylinder head. As stated previously, oil fires of appreciable intensity in the accessory
region could be produced only when the oil was directed onto the exhaust collector, because of the
more rapid and complete vaporization of the oil. The most intense fires in the accessory reglon
“or both oll and gasoline were produced when the fire orizinated in the upper part of the nacelle.

In the development of a satisfacteory extinguishing agent distribution system for the gW-2C
type cowl, the same nezzle arrangement in the power region me was used in the NC-3 tests was tound
satisfactory as a basic system. Thais 1s shown in figure 11. In congideration of the type of air
flow found in the CW-20 type cowl, whore ths cylinder cocling air is carried through the accessory
region, tests were conducted in which power region nozzles only were used. The objective was to
detoeramine whether the extinguishing agent thus released in this reglon and carried back through
the acceggory region would extingulsh fires throughout the entire nacelle. In general, it was
found tnat this could be mccomplished but that the distribution of the extinguishing agent was in-
efficient. It was later determined that the distributlon of agent into the accessory region, as
well as into the power region, considerably decreased the total quantity and rate of application
roquired. Accordingly, & variety of extinguisher nozzle arrangzments in the accessory reglon {in
addition *o the power region distribution system) were tried, some of which are shown in Figures
12 to 192 inclusive. The accessory region distribution syster which was found to be most effi-
cient consisted of a set of five nozzles distributed zround the upper half of the engine mount
ring as shown in figure 12. Tnese nozzles direct cone fan spray radially ouwward and forward [rom
the ring and arother spray radially imward and to the rear of the ring over tne top of the engine
accessories. The tests showed that through the use of these nozzles in the accessory reglon, in
addition to those in the power region, the tetal quantity of extinziishing agent could bhe de-
ecreased approximately 8 to 10 pounds and that more positive fire extinguishment is obtained. 1In
general, the release of extinguishing agent in the upper portlon of the accessery region is the
most efficient, and nozzles in the lower part of the accessery region are extremely inefficient
hacause the extinguishing agent released from them is immediately carried out of the gill.

The various types of neorzles used for releasing the extinguishing agent in the CW-20
tests are shown in figure 2C. For the power reglon system, the most satislactory types of
norzles were as determined in the DC-3 tests. These are showm as typos T-1 and T-3 in figure 20.
For the accessory repgion nozzles, the slot arrengement shown as type T-5 was found rost satisfae-
tory. For the nozzle over the oll cooler, the arrangement shown as type T-4 was satisfactory.
The detailed design ard dimensions of the nozzles are not critical, but the location of the
nozzle in the nacelle and the general direction of agen' application are important factors.

Am in all of the previous extinguishment tests, the rate of application of agent is the
most lmportent factor affecting the ability of an agent to extinguish fires. Because of the high
air tlast velocity, the agent is rapidly dissipated znd the penetratlon of the agenmt intc tne
fire with adequate force ard concentration is possible only through the use of an adeguate dis-—
charge rate. The minimum rates of application of methyl bromide and carbon dicxide necessary to
ingure extingulishment in the CW-20 type cowl when discharged in the power region only, and when
discharged in both the power and the accessory regions, are given In table II.

Table IT

Necegaary Minimum Rates of Application of Extinguishing Agents and Time of Discharge

.
Basie Type System Shown in Type & System Shown in
Figure 11 Figure 12
Carbon Garbon
Methryl Bromide |Dioxide Methyl Dromide [Dioxdide
0ta/sec|Lbs/see | Lbs/sec Gts/sec |Lba/sec| Lbs/ec
Fower Region 3.0 10.5 8.1 1.5 5.5 5.7
Accessory Region - - - 0.7 2.8 2.6
0il Cooler 0.2 0.7 0.5 0.2 0.7 0.5
Effective Time
of Discharge 2.5 sec. 5.5 Bec. 2.0 sec, 2.5 sec.

The rates shown in table II are the average rates over the effective time of discharge
listed. The rate of discharge of methyl bromide ig assumed to be substantially equal to the rate



of discharge of carbon tefrachloride, shown hy the curve in figure 21, as both liguids have ap-
proximately the same density. It should he noted that the initial rate of dischmrge ms shown in
figure 21 is much higher than the average rate given in table II. Such a curve could not be
obtained for carbopn dicxide because of its volatility. I1Its average rate of distharge, howsever,
wag determined by the amount used and the total time required for discharge.

As painted out in the report on the DC-3 tests, many fires can be extinguished at lomer
rates of application than are shown in table II. However, the values shown are the minimum rates
of application of extinguishinz agent which were fourd to be necessary in the tesis for positive
extinguishment of any Tire triad in any location.

In the repert on the DC-3 tests, it was indicated that B minimm of 2 seconds is required
for the agent to extinguish fire tails, although the main part of each fire was extinguished
within a fraction of a second. This, of ceourse, is true only when an adequate rate of application
ig used. In the tests on the CW-20 set-up, a duration of application of esxtinguishing agent of
from 2 to 3.5 seconds was necessary in order te extingulsh all fire tails. Thls is showm in
Table I1. If rates of application of agent are inadequate, increasing the duration of application
has no effect in extinguishing the fire, as the extinguishing agent Is carried away by the air

blast as rapldly as it is released.

The guantities of extinguishing agent found necessary for positive extinguishment are
shomwn in table ITTI. These gquantities are bhased upon the rates of application and discharge
durations shown in teble II. The quantities necessary for adsquate extinguishment with bhoth
types of distribution systemns used are indlcated, The distribution system utilizing nozzles in
both the power and the accessory reglons i1s of much higher efficlency.

Teble 111

Necessary Minimum Quantities of Extinguishing Agents Deterrilned by Tests.

! Basic Type Systean Shown in Type A System Shown in
Figure 11 Figure 12

Garton Carbon

Hethyl Bromide |[Dicxdde Methyl Bromide |Dioxdide

Quarts | Pounda | Pounds Quarts | Pounds lPounds

—

Power Region 7.5 26.2 23.2 3.2 11.2 14.3
Actessory Pegion - - - 1.4 5.6 £.5
Cil Cooler 0.5 1.8 1.8 ] 0.4 1.4 1.2
Total 8.0 28.¢ | 30.0 L 5.0 | 18.0 | 22.0

Seven Adifferent extineuishing spents were used irn the CW-20 tests. As in the tests on
the D0-3 type cowling, methyl bromide and carbon dioxide were the only fire extingulshing agents
of those used which praved satisfactory for use in the CW-20 type installation. Of thene two
agents, methyl bromide was apgain found to e more positive and eflicient in sctior, requiring
less czre and exactness in application. Carbon tetrachloride was found to be satlafactory for
extinguisghing 0il fires throughout the nacelle bul uwnsatislactory for extinguishing gasoline
Tires without utilizing time delays of 15 to 20 seccords between the time of cutting off the
gasoline and releasing the extinguishing agert. The other extinguishing agents tested were aimi-
lar in agtion te carbon tetrachloride.

In order to obtain adequate extinguishment in the CW-20 type cowiing tests, tightness
of the [irewall was found essential. Heoles or cracks existing in the firewall allowed burning
oll or gasoline to run through ard “Surn on the rear face, and relighting from tnese sources oc-
curred forward of the wall alter apparent extinguistment was obfained. For similar reasons it
mas necessary Lo have maximum tightness of the accessory region cowling bo ingure that no liquid
would leak through cracks in the cowling and burn outside, thus causing relighting. This con-
dition for the cowling, however, was not as critical as in the case of the firewall.

It was observed that flames tended to concentrate in the well arcund the air duct leading
to the oil cocler 1n the lower part of the cowling. Fire in this region could not be extin-
guished with the power region nozzles or the upper accessory region noszles A single extin-
guishing nozzle placed above the alr duct leading to the oil cocler and spraying into this regioem,
howaver, provided adequate extingulshmant.



The engine installation used in the CW-20 tests utilized an sxhaust stack extending radi-
ally oubward on the right-hand side and passing through the covling in lime with the collector
ring. This is shown in figure 5. This exhaust system instellation wes relatively clean and con-
tains no pockets or wells from which relighting might occur. However, for test purposes a heating
shreud, as shown in figure 22, was placed over a portion of the collector ring with the opening to
the shroud located behind the eylindera, With such a shroud forming a pecket around the het col-
lector ring, 1t was found that relighting occurred from fires inside the shroud which could not be
extinpguished during the release of extinguishing agent. As discuseed in the report on the DC-2
type installation, this in general has been found to be true for any type of closed pockets inslde
the nacelle.

In Part I of this report considerable design infermetion for extinguishing systems was
provided and discussed. The same information and discussion will apply to the extinguisher dle-
tribution system used for the CW-20 type installzation. In general, the same problems of obtain-
ing equal distribution of extinguishing sgent were found and the same precsutions wers observed
with regard to nozzie arrangezent and location of nozzle feed lines. Typlcal gasoline and oll
fires in both the power ard the accessory regions are shown in figures 23 to 27, inclusive.

Conelusgions

1. In the OW-20 tests, as in the tests on the DC-3 cowling, extinguishment of aircraft
powerplant gasoline and cil fires occurring in flight can be accomplished within reascnable
weight limitations, provided adequate rates of extinguishing agent application and optimum distri-
bution methods are used and provided the gascline flow 1s shut off before extingulshment 1s
attempted.

2, Extinguishment of oil fires occurring in flight in the CW-20 installation can he
accomplished without stopping the oil flow, but oil ghut-off 1s important to prevent recurrence
of the fire.

3. Gasocline fires were found more difficult to extinguish than oil fires.

4. Adequate fire extinguishment can be obtained in the CW-20 type installation with
axtingulshing agent nozzles in the power region only. However, Yy employing additional nowzles
in the upper part of the sccessory region, mere positive and efficient extinguishment can be
obtained.

5. In the CW-20 type installation thers exists a ftendency for fire tails to occur on
the outside of the oil cooler, the inside of the 111, and on the nacelle skin hehind the flaps.
Minimum obstructions to the air flow are desirable in these regions to minimize fire tails and
to aid the "wiping-offm" actior by the extinguishing agent.

6. e well in the lower part of the cowl around the air inlat to the ¢il cooler must
be separately protected against fire.

7. The tests showed that wheel well protection is unnecessary provided the firewall 1s
tight sgainst fuel and flame leaxage.

8. Reasonable flame tightness of the aczcessory region cowling and firemall is necessary
to prevent relighting of fires. This is particularly true of the opening through the cowling
around the exhaust stack.

9. The presence of pockets, such as ex’st in a heating shroud zround the collecter ring,
%ill result in relighting of fires.

10. With &n increase of air flow through the cowling from 55,000 pounds of air per hour
to 75,000 pounds of air per hour, diffizulty of extinguishment was increased congiderably,
although the fires did not burn as intensely inside the cowl wita the greater air flow.

11. The tests showsd that methyl bromide ard carbon dioxide are the only extinguishing
agents of those testad waich are satlsfaclory for general protection against airceraft powerplant
fires in flight for the CW-20 type installatlion. Methyl bromide is the most satisfactory agent
from the fire ex*inguishment standpoint for the installatiecn tested.

12, The rate of extinguilshing agent applica+isn is the most impertant factor in fire ex-
tinguishment. For the entire engine installation in the CW-20 type arrangerent, a rate of ap—
plication of 9.0 pounds per second of methyl hromids or 8.8 pounds per second of carhon dioxide
ig required for sdequate extirguishment with the most eflicient Aistribution aystem tested.

13. The minimim duration of extinguishing agent application found to he satisfactory was
approximately 2 to 2.5 seconds for the most efficient extinguishing system tested.

IGNTITION TESTS

Purpese

The purposes of the lgnition tests were: (1) Teo study the posgible causes of gasoline
ard cil ignition in the CW-20 type installation in {light; and {2) to determine methods whereby
the ignition hazard may be reduced.



Procedure
The majority of the data on fire igniticn were cbtained incidental to the other tests on
extinguishment, detection, and materials.

Certain speciel tests were carried out concerning the ignition hazard of faults In the
exhaust system wher such openings cor cracks were cbserved during the tests.

The possibilitiss of iemition of o0il and gasoline from zm electric spark were determined
using a 15,000 velt spark deliberately produced with a spark plug.

Results and Discussion

Since it was deflnitely concluded from the tests orn the D2-2 type installation that the
most probable scurce of 1gnition of an aircraft powerplant fire lles in erclosed pockets, heating
shrouds, or wells around the exhaust system, no tests of this nature were attempted in the IW-20
type errangemwent., There were no cockets in conrection with the exnhaust system in this test set-
up, and no igniticn freom explesive vapors was observed in sny of the tests. However, it is 1o be
noted that this gource of fire ignition is generally considered tne most dangercus in a powerplant
installatien.

Ienition of both gasoline and oll can readiiy be obtained through cracks or openings 1n
the exhaust system. This is particularly true of oil released in the powsr region, hut it is
also true for either oil or gascline released in the accessory region of the CW-20 type instal-
lation because of the absence of a separating dlaphraegn and hecause of the turbulent air flow
existing inside the cowl. As & result of the tests it is bellewvad that where no pockets or
walls are present, the pcessibllities of igrnition of gmsoline or oil through faulta and eracks in
the exhaust stack and collector ring constitute the most vrobable scurce of ignition., As dis-
cussed in the DI-3 reporl, stopping the engine before extinguishing the fire vprevents relighting
of firas 1gnited from such scurces.

In none of the tests condueted with the 09-20 cowling arrangement was ignitlon of gaso-
line or oil from contact with *he hot exhaust system or other hot or elowing parts observed.

As in the DC-J tests, gasocline ccull he readily ignited from a high-voltage electric
spark, hut oil could be ignited from such & source only wlth great difficulty. I1 is to be noted
that the ehserce of the sepsrating diaphragn between the power and the accessory regions in the
CW-20 type earrangenent makes it possible for the gasoline released in the accessory region to
reach the engine ienition system.

Conclugicnsg

1. In the tests with the CW-20 type installation, no attempt was made to investigate
the probability of explosive ignition of gaseline or oil collecting in pockets or wells around
+the exhaust system. IJowever, previcus tests on the D3-3 type lnstallation have indicated this
to be the mes% probable source of ignition in a powerplant installation.

2. A faulty exhaust system with cracks or openings constitutes g probable source eof ig-
nition for either gasoline or oll released In either the power or the accessory regicn,

3. 1In the tests of the CW-20 type installation, no igniticn was obtained with either
gasoline or oll in contact with metal surfaces at high teaperature,

4y It was found that gascline can be readily ilgnited by high-—veoltapge =lectric sparks,
but that oil is ignited from this scurce cnly with difficulty.

5. It is concluded from the tests that stopping the engine before attempting to extin-
guish the fire considerably reduces the possibllity of re-lgnitien of the fire affer extinguish-
ment.

TIRE DETECTOR TESTS

urpose

The purposes of the tests on fire detectors were: (1) To continue development of
various types of fire detectors for detecting gascline and oil fires ccocurring in aireraft power-
plant installations in flight; and (2) to determine for sach type of detector the number reguired
and the optimum location in the CW-20 type installation.

Procedure

A standard gasoline fire of 0.33 gallons per minite was utilized for both power and ac-
cessory region detector tests. This standard was established in the tests of the DC-3 type
installation. A fire of this iype in the accessory region is shown in figure 28. It is
conaidered that a fire of this size represents a minimun size of fire which should be rapidly
detectsd and would not be of immediate danger to the alrcraft structure.



In the tests the detectors were connacted electrically tc signal lights in the control
shed, and the time between the start of the fire and the time the light signais first wers ob-
served was recorded.

In conducting the detector tests, the standard gasoline fire was started at various loca-
tiong throughout the pomer amd the accessory regions. For each location of fire, the detsctors
were located sc as to obtain the most rapid indications of fire ard the spacing of the detectors
was decreased until a time lag in detection of 3 seconds or less was observed. 3y contimuing this
process with a large variety of fire locations, the optimum location and spacing of detectors
wore determined.

In the case of continuous detectora, the detectors were placed at the same 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 wes Introduced inte the zir stream from the
wind tunnel forward of the propeller during the detector f{ires.

During these tests, observaticons were made of the time required for the detectors te
operate under the actual fire conditions in the nacelle. 1In order to obtain a more accurate
comparigon of the time of operation of the various detactors, a laboratory set-up was made in
which this could be determined. Thia set—up is shown in figure 2%, The laboratory arrangemert
congisted of a gasoline burner in conjuncticn with an electric timing cleck. The detector was
pzaced in the gascline flame at the time the cleck was started, and the action of the detector
stopped the clock to glve a measure of the time of operation. The flame of the gasoline burner
was spread evenly by the use of a wire screen in the flame, and a thermocoupls was utiliszed to
indicate when a standard flame temperature of 1900°F. was obtained before each test was conducted.

It was found that the time of operation of the various detectors with this laboratory
set-un was essentially the same as that obtained in the nacelle with the standard gasoline fire.

Types of Detectors Tested

Four types of fire detectors were included in these tests. The Walter Kidde % Company
unit flame tyre detector and the American-LaFrance-Foamite Corporation unit metal expansion
type, as described in detail in tne DC-3 report {see figures 30 and 31), were included for de-—
termining optimum unit types detector locations.

The continucus Tuglble alloy type detecter manufactured by Femwel, Inc., as described
in the 22-3 report and as shomn in figure 32, was slso included in the CW-20 tests. Homever,
this detecteor has undergeone additicnal development including the use of & new tin alley and the
substitution of a rough copper plating in place of the nickel plating previously used. The tin
allcy used in the latest type of Fermal detector has a melting point of 360°F.

4180 included in the tests was a continuous ionization type detector developed by the
Minnezpolis-Honeywell Regulator Company. The detecting element of this unit consists of a con-
timucus hare conductor mounted on ceramic or pyrex glass Insulstors, as shown in figure 33. The
conductor was connezted Lo a gsensitive elecironic indicator. The operation of this detector
system depends upon the conducting and rectifying properties of the gascline or oil flame, and
this detector will operate whenever a turbulent flame contacts both the main aircraft structure
and the cormducting electrods.

Results and Discussion

The continuous type detectors included in the present series of tests are still in a
state of development, and it is considered that further development i3 necessary hefore they
will be suiteble for use in actual aireraft installations. Results of such development will
e covered in future reports of the fire test program. The CW-20 tests indicate the proper lo-
cation of the continuous as well as the unit type detectors in this installaticon and further
establish the necessary design criterla for future development of such detectors.

As in the T0-3 teats, the tests on the (W-20 type installaticon showed that the effsct
of the flame stratificetion in the cowling is extremely important in determining satisfactory
detector action. 1In both the power and the accessery regions a hieh degree of stratification
occurs, amnd a gtream of cold air may be passing directly over a detecting element to keep it
from operating when & very intense strata of flame may be passing within several inches of the
unit. A5 was found in the previcus tests, heat radiation from a flame to & detector cannot be
depended upon for detector operstion, and it 18 essential that the flame pass directly over the
detecting units. For thils reason, the proper locaiions and spacing for the unit detectors were
determined so thait, for the standard 0.33 gallons per minute gasoline fire, the flame would
come in contact wlth one or wmore 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
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contimous type detectors are glven 1n figure 35. It is to ba noted that a spacing of 13 inches
or less for unit detectors is required around the engine mount ring where detsction for pawer
reglon fires i3 obtajned, and that a spacing of 8 inches or lass is required on the firewall and
in the gill opening where & higher degree of flame stratification occurs. At 21l locations 1t is
necessary that the detecter project out from the supperting structure sc that it may be completely
surrounded by flame.

The time of operation of the various detectors as determined in the nacelle and in the
laboratory set-up ls shewn in table IV.

Table IV

Time of Operation of Detectors

Detecior Manufacturer Detector Type Temperature Setiing Operating Time {Seconds)
trerican-Lafraice— Matal Expansion 400° F. 3.5

Foamite Dorporation

‘ Ferwmal, Inc. Fusible Alloy 360° F. 3.2
Minneapeclis-Honeywell Flame Ionizaticn - 0.0

Regulator Company

Walter Kidde & Company Flape - 0.0

7t is seen that the Tlame type detectors provide more rapid detection than the detectors
which depsnd npor the heating of & dise or fusible alloy, although satisfactory operation may he
obtained with any of these types.

Of the detecters included in the present tests, the Minneapolis-Heneywell lonizatlen type
was the only cne which was affected to any degres by rain water. Witn this type it was feund
that there was a terdency for the insulators to become wet and to "ground out® the indicating
eireuits, causing the detector to become inoperative and to give occasional false alarma.  How-
gver, further development with this detector is now oeing carried out te elininate this diffi-
culty.

Fror these tests it was determined that the deslgn criteria for adequate detector oper-
ation which were egtablished in the DC-3 tests, and as discussed in the DC-3 report, still ara
valid for the CW-20 installation and require no modificatien.

Conclusions

1. Adeguate detection of aircraft powerplant gasoline ard oil fires can “e obtalned in
the CW—20 type instailation when proper detectors and detector locations are utilized.

2. The proper locations for fire detectors in the OW-20 iype installation eére around
the engine mount ring, on the center and bottom of the flrewsll, ard on structural mexbers in
the cernter of the exit gill. )

3. The spacing of unit type detectors in this installation should not excesd 18 inches
around the engine mount ring and should not exceed # inches on the firewall and In the gill
opening.

4. The need for further development of continucus type fire detectors is indicated by
the tesis.

MATERIALS

Purpose
Tae purpose of the tests on materials was to determine the effect of gasoline and oll
ires on the various materials and equipment commonly used in aircraft powerplant lnstallatiang

and structures.

Description of Materials Tested
The materials used in the CW-20 installation were as follows:
Engine mount — SAE 4130 steel tubing of G.0&5-inch wall thickness.
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ALocessory cowl - both 0.04%-inch aluminum alloy and 0.018-inch stelnless ateel,

Firemnll - 0.040-inch low carbon steel.

Wing and nacelle skir - 0.012-inex stainless steel sheet.

Engire fuel system - standard aluminum tubirg installation lageed with ashestos.
Alsc, specizl auxiliary unlegged fuel system with standard
fuel pump end 5/8-inch 0.0, aluminm alley tubing.

Engine oil system — aluminum allocy oil tank and eil lines with standard AN
\necprene) hose connections. S=andard scldered censtruction
oll ceoler lagzed exterrally with asbesios.

Tire - standard J0-3 tire.

Test panels aof substitute Zirewall material - 27 panels of various materials

sugzested as substitutes “or stain-
less steel in firewalls. A
description of thess panels is
slven in *ables V.

Table V

Substitute Materizls for Firewalls (9% x 12" Penelsg)

Sample No. Thickness of Sheet Th* zkmess of Coating Nescription
[Inchas) {Inzres)

1 2.010 G.00015 Soronite costing of alternate Zn
and XI dipping o1 mild steel shect
heat treated.

2 2.010 0.00020 n "

3 0.01C 0.0C023 n n

4 CLo1e 0.0G0%0 u n

3 0.010 0,00032 n ¥en-heat treated

G ¢.010 2.00C32 u "

7 0.010 3.00040 n n

3 0.010 000040 n i

G 0.0 0.C0040 n "Different

16 0.010 3.00C40 n Miratic of
plating
from 7 & &

11 ¢.017 Aluminmum dipping on miid steel

12 ! £.023 i n

13 ¢.021 " n

14 : ¢.015 n il

15 ; C.018 4L - & Cr. - Mo,

16 | ¢.025 n n

17 | 0.040 Special aluminum coating on wild

i ateel sheet neat treated.

28 0,040 n n

19 ¢.039 n "

20 0.037 h n

21 0.040 Special alumirim coating or mild

sueel sheat, non-heat treated.

22 0.055 " n

23 G.033 Specinl aluminum cozting on mild

steel sheet, =sand hlasted.

24 0.020 Stainless-clad mild steel

25 0.020 u "

26 Q.027 " n

2 0.G27 " n

frocedure

Vogt of the tests on waterlels were conducted in conjunction with the fire extivguistment
and detecter tests, observations being made of the effect of the fire on the different components.
In a separate serles of tests, 25 carowel-alweel thermocouples were ounted at different loca-
tiors taroughout the nacelle to obtain temperatures of the various parts of the structure under
typical Jire conditions. A bank of 25 pyrometers and a slow speed camera, as described in Fert I
ol this report, were used to record the temporatuares cduring the Zires. The thernccouple loca—
tiorns are snown ir figure 36, and thermocouples on the cutside of tae cowling are showa in
[igure 37.
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Tests of the rubber tire were conducted with tne wheel and the tire in both the retracted
ard extended posilions., Observations were made te determine the effect of the [ire on the tire
and the ease with which this fire could be extinguished. Tests wore made of s standard alurinum
alloy gasciine system in wnich an auxilizry punp and gasoline lines were mounted Zn the nacelle
forward of the liresall without ashestos lazging on the aluminun tubing. Jaso_ine was punped
+hrough this system at the same rate as in the standard fuel system in tas engine, and thz effect
of fire on the alunirum lines and the tenderncy to vapor lock were chserved. In addition, the
affect of the fire on the various ducts, %raciets, straps, and niscellaneocus ecuipment in the
nazelle was ncled.

Fesulis arnd Discussicn

As roted previcusly, moset of tne engine accessories were covercd with a lag7ing consis-—
ting of ashestos ard waterglass. However, tne engine mount, the Fircewall, tas engine oll systen,
and the Tain nacelle stracture were left exposed to the fire. The waximum tenperatares at
various leocazions on the cowling, racelle, wing, and firewasll 2rs chown in fipure 328. Ab meny
locations temperatures “n excess of the melting point of aiuminum alloy were reached, and tem—
peratares which would seriously decresse the sirongta of stalnless sieel structures were
meazured. Tae data given are for Tires of 30 seconds duration, Figures 39 *o 48 show the rate
of increase of temperature at these varicus logations for typical gesoline and oil Jires. It
is seen that a ceximum temperature is reached 20 o 3C seconds after *he [irs is staried.

At the beginning of the tests, alurimum alloy cowling was used arcund the accessory
regicn. s the tests were continued and the localien of the ires wvaried, sections of this
comling were melted off snd were replaced with stairless sieel. It was found that aluninas alloy
accessory cowling might withstand a considerable munher of intense fires witlout failure hecause
of the zocling effect of the air hlast on the cutside of the cowl, mut & single Tire in & crlti—
cal location might cause failure. Failure of the zceessory region cowling gcenerally oocurred
zlese 1o interral stiffeners, avparently where there was a turbulent air flow on thas inside sur-
face. Alaminum allay cowl flaps used in sowe of the testis showed rapid Zallure and were ro-
placed with steel flaps. The entire gill structure was made of stainless steel, and 1t was
indizated fror the temperature data taat aluminum alleoy would fail rapidly at this location.

A4s in the tests of the DZ-3 type installation, no tendency for melling or failvre of
the NACA engine cowling was observed. The standard steel engine mount used in the NC-2 <ests
was utilized n the CW-20 type sel-up. At the complation of these tests, this engine moun® had
undergone approximately 2,200 fires without aprreciavle danage except for zorrosion and scaling,
vsee Pigure 5). However, it should be noted that most of the Iires lasted for only 30 seconds
ar<d that the engine pount sustained only the weight of *he powerplant without additioral accel-
eration leoads. No estimate can be glven concerning the probable tine of failure of such arn engine
mount for flres of lorger individusl duraticr and with acceleration leads applied.

Tie aluminum alioy oii tanx and oil Zinss used in the previous tests also were utilized
in tas JW-ZC tesl set-up. WNo appreciable damege to the cngine oil system occurred as lerg as
the oil tank and "ireg comtained flowirng liquid. The tendency fer the reoprens hose conrcelions
to clier and Tall after a mumber of [ires was ohserved, altheough there seemed to e no tendency
to arproach fzilure in any single 30-sccond fire, The o0il cooler used in the DC-2 *ests, shown
n figure 6, was used in the CW-20 set-up and was undamaged in any of t1e {ires in szite of *he
fact tha* rearly all of the fires in the TW-20 type installation passed drec*ly zround the oll
coceler, comrletaly enveloping 1t in flame. It was apparenl that as long as the hlzst of cooling
£ir was maintained throush the oil cooler, nec damage to the cooler would cecur.

In tae tresent set-up & steel air duct was used to conduct the caeling air froc the
front. of the cowling to the oil radiater. It waes indieated taat the use of ar aluminum duct “om
this purpose wouldl probakbly resulf In hurning through of the duct and extrance of {lame inta the
(ront of *ke cil ccoler, with resultant failure of seldered joints. WNo actual fest of this con-
dition was made.

Tests were wade of a gasoline system utllizing alumirum alloy tubing in whicha an
auxilisry gasoline ourp and lines were mounted akead of the firewall without asbestos lagging.
T™e effect of a 30-second gascline fire on the aluminwn allcy gasoline lines is shown in
figure 49. Vapur lock was found to occur in this systen In less than 1% seconds, with resultant
barning itroush of the aluminun 2lley lines and the release o large guantities of zascline to
feed the fire. Thus, it is indicated that aluminum alloy lines are unsatisfectory from a fire
protection stardpoint for conducting gasoline, although soucn lines are satisfactory for the eil
system.

T.e tesits on the rubber tire ir both thae retracted znd tie exterded posizions showed
that the tire would ignite in less thern 30 secords and thal the resultant fire would neot be com—
rletely extingaished by epplication of the extinguishing agent. Smouldering in the lire continued
for some time alter the main fire was extinguished kul eventially ceased witacut Hurning cocplets-
ly threough the tire. In general, the swmouldering centlinued until the Zehrie in the tire was
raached.
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Tre tecst panels of the various substitute firewnll materials listed in table V were
mourted in an opening in the nacelle skin directly behind the gill opening in what was fournd to be
a region of maximun skin temperature. Each penel was left in place during two or thres intenss
fires in this region, and the effect of the fire on the panels and the maximum terperature reached
by *he pesnels were cohservaed. An aluminum panel of 0.030-inch thickness at this location was ob-
served to burn completely through in 10 to 15 seconds, bhut none of the firewall materials showed
serious signs of failure. In some cases with the thinner gauge materials warning, disccloratlon,
and burning of the gurface coatings occurred. The appearance of several of these panels after
tesgt is shown on figure 50. In general, it was found that any of these materials would withstand
an interse gazoline cor oll fire for 20 geconds without burning through, and that they are com-
parable %o stainless steel in “his respect.

Jonclusionsg

1. The structure of a CW-20 type nacelle and, in particular, the accessory cowling,
firewall, and nacelle skin behind the firewall, can be seriously affected by an engine firs
within 15 seconds from the start of such a fire.

2. Teaperatures as grest as 170C°F. were observed on the cowling, firewall, and nacelle
skin during typical gasoline and oil Tires. 3Such temperatures will result in the melting of
alvmirum alloy and will seriously reduce the strength of stainless siee..

3. Tne convantional welded steel tube engine mount used in the %ests has suffered no
serious damsge during approximatsly <200 fires, most of whizh were of 3C seconds duration.

4, The firewall of 0.040-inch low carbor steel was not aporeciably damaged by approxi-
mately 800 gasoline and oil fires, esach of 30 seconds duration.

5. The aluminum 2llcy oil tank and oil lines were rot apprecisbly affected alfter
approximately 2200 gasoline and oil fires, each of 30 seconds duration. However, the AW {neo-
prene) hose connections in the oil system were damaged after a smaller murber of fires.

5. Aluminum elloy gasoline lines will burn througnh from an intense gasclire or oil Fire
in approximately 15 seconds &4s a result of vapor leeking of the gasoline system. Cther aluminum
alloy tubing in which there i1s no liquid is damaged in a similar manner.

7. The cil cooler was not appreciably damaged by fire after approdmately 2200 Tire
tests. The eii cocler air intaxe, however, must be arranged so &5 to preclude the entrance of
fire irto the air astream forward of the cocler.

8. Tae landing gear tire will ignite and will cortinue to smoulder for some time efter
fire extinguishment, but such swouldering will cease befere complete penetration of the tire is
okbtzeired,

Q. Alurinum alloy cowl flars were found to burn off readily from gasoline or oil fires
in eritical locationms,

0. The aluminum alloy MACA cowl was not seriously demsged by any of the fires.
11. Zubstitute firewall materials conmsisting of a low carhbon steel base or low nickel
content stainless gteel withstood penetration by fire in a manner conmparable to stalnless steel.

COMPARISON CT CW—20 AND DC—3 TYPE COWLINGS

Te essentisl structirel characteristics of the CW-20 type cowling, as compared with the
NC-2 type cowling, are the awsence of o diaphrasm cowl separating the power and the accessory
regions and the exhausting of the engine cooling air through a single lower exit zill at the
bottor of the accessery refion. In addition, the CWA-20 arrarngement as tes*ed includes an ex-—
haust stack through tne side of the cowling in 1line with the collector ring rather than rearward
through s well ir the ascessory region. Tae effects of these design features upon the fire
characteristics of the CW-20 type cowling as noted in the present tests are as follows:

1. The abgsence of the separating diaphragm causes power region fires f.o turn more
completely in the accessery region and on the firewall rather than on the ocutaide of the cowl.
Power region fires In the D0-3 type Installatior snread to the accessory region through openings
in the 3iaphragm 8nd cowling. In the CF-20 type installation, however, they imuediately occupy
the acceasory amd firewall resiorn and are larger and hotter in that region. Also, for many fire
locations, little or no outside fire %ail is obtained. As a result, more complete burning of
the fire occurs irside the cowllng with a more destrustive effect on the struacture formerd of
the firewall. Tne maxdimum texmperatures measured on the Cilrewall in the CW-20 type arrangement,
as shown in Tigure 38, are considerably highsr than the maximunm {irewall temperature of 500°F.
measured with the UC-2 type installation.

2. The exit of the engine cooling air through the lower gill resultsz in a concentra-—
*tion of flaze over the lower part of the nacelle skin and wheel wut eliminates 511 flame from
the upper part of the nacelle sxin back of =he firewall and Zrom much of the wing skin adjacent
to the nacelle. As a result, the fire is concenirated more intensely over a smaller pertion of
tie nacelle and wing, and higher temperatures ars reached along *he bottom nacelle skin hack of
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the firewall,

3. 1In many fires arcund the lower cylinders in the power region and in the lower acoes-
sory reglon with the g111 completely open, & long fire tail may be formed which has no contact
with the main nacelle astructure. This is not likely to occur in the conventional type cowling.

4. 'The absence of the diaphragm cowl groatly increases the possibility of flemes from
cracks or openings in the exhaust system igniting gasoline or cil released In the accessory
region. In the conventional cowllng arrangement the gasoline or oil carmot readily work forward
through the diaphragm to come Iin contact with the exhaust collector ring tut can readily do so in
the CW-20 arrangement.

5. The type of exheust system in the CW-20 type installation with the short stub tail
pipe extending directly through the side cowling is less hazardous from the fire ignition stand-
point than the conventional shrouded tail type. The CW-20 installation apparently offers no
possibility for explosive ignition of gesoline or oil vapors around the exhaust system if ne
heating shroud or muff is placed on the collector ring.

6. From the standpoint of fire extinguishment, both the CW-20 and the conventicnal type
cowlings offer about the same difflculty of extinguishment and required approximately the same
quantities and rates of application of extinguishing agent. The optimum types of extinguishing
agent. distribution systems in the two cowling arrsngements are of about equal complexity.

7. The fire detection problem appears te b of about equal difficulty and requires
installations of equal complexity in the two types of cowling.

In general the tests showed that adequate extinguishment and detection can be obtained

with the CW-20 23 well as with the conventional type of cowling arrangement, with each type
possessing particular advantages end disadvantages from the fire protection atandpoint.

Table VI

Fire Test Statistics

Number of Tests Conducted Quantity of Agents Used
Extinguishing
Agents Fire Rate Total Rate Total
Tests Tests Teats Fires Tests Tesats
Carbon Dioxide 151 19 170 3281 1lbs.|227 1lbe.|3508 lbs.
Carbhon Tetrachloride 262 236 498 465 gal, [179 gal.|&4d eal.
Mathyl Bromide 135 0 135 168 gml. | O 168 gml.
Other Extinguishing Agents 10 0 10 9 gal. 0 9 gal.
Total Number of Tests on
Extinguishing Agents 558 255 813
Detector Tests 152 o} 152
Material Tests 89 0 89
Total Tests 799 255 1054,
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Figure 3. 3/4 Front View ol Nacelle Unit
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MAIN OIL OR GASOLINE SUPPLY LINE —

Figure 8. Fire Nozzle in Position in Power Region



Figure 9. Fire Nozzle in Position in Accessory Region Figure 10. Interior of Extinguisher Control Shed
(Before Installation of Flaps)
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A. ONE NOZZLE AFT OF EACH CYLINDER-ON CRANKCASE - DISCHARGE D
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 OIL COOLER.

B. SAME AS A. EXCEPT EACH CYLINDER NOZZLE DISCHARGED ONE SPRAY,

e

/
. )
“ 4

Figure 11. Distribution System-Basic Type
14 NOZZLES - ONE AFT OF EACH CYLINDER-DISCHARGED

AWAY FROM CRAMKCASE
5 NOZZLES AROUND UFPER HALF OF ENGINE MOLNT RING
1 NOZZLE ABOVE AND FORWARD OF OIL COOLER

e - T -
/
/

7

O/ — NOZZLE T-4 g .- RIN
rd ' ! NOZILES
B , / T4
ENGINE s, : ENGINE
MOUNT RING S ! :

. / 4 MOUNT RING

Figure 12, Distribution System - Type A



14 NOZZLES-ONE AFT OF EACH CYLINDER DISCHARGED - AWAY FROM CRANKCASE
3 NOZZLES ARCUND UPPER FIFTH OF ENGINE MCUNT RING
1 NOZILE ABQVE AND FORWARD OF OIL COOLER

ENGINE
MOLUNT RING

Figure 13. Distribution System - Type B

14 NOZZLES-CNE AFT OF EACH CYLINDER - DISCHARGED AWAY FROM CRANKCASE
2 NOZZLES ON UPPER FIFTH OF ENGINE MOUNT RING

1 NOZZLE ABOVE AND FORWARD OF OIL COOLER

I NOZILE JUST UNDER COWL AND FORWARD OF EXHAUST COLLECTCR RING

I NOZZLE UNDER AND FORWARD OF QIL TANK

e e

~="""BIL TANK

" OIL TANK

L/ e — NOZZLE T.4
i UNDER OIL TANK

/ A ENGINE | |
. / ; MOUNT RING —»-!

Figure 14. Distribution System - Type C
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14 MOZZLES-ONE AFT OF EACH CYLINDER-DISCHARGED AWAY
FROM CRANKCASE
3 NOZZLES ARDUND UPPER THIRD OF ENGINE MOUNT RING
1 NOZZLE ABOVE AND FORWARD OF DIL COOLER

(i
y
. TN T
< ENGINE V J /
MOUNT RING 1 , ENGINE
L ) / MCUNT RING — =
- ;
e . o __ ’

Figure 15. Distribution System - Type D

14 NOZZILES —-ONE AFT OF EACH CYLINDER- DISCHARGED AWAY
FROM CRANKCASE
3 NOZZLES UNDER UPPER THIRD OF EXHALST COLLECTOR RING
1 NOZZLE ABOVE AND FORWARD OF OIL COOLER

‘ S . .- COLLECTOR
: ) ’ RING

. . ENGINE
. MOUNT RING

Figure 16. Distribution System - Type E
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14 NOZILES-ONE AFT OF EACH CYLINDER-DISCHARGED AWAY
FROM CRANKCASE

3 NOZZLES ARQUND UPPER THIRD OF ENGINE WQUNT RING

1 NOZILE ABOYE AND FORWARD OF OIL COOLER

COwL
FORWARD

PLAN VIEW
Figure 17. Distribution System - T'ype F
14 NOZZLES-ONE AFT OF EACH CYLINDER-DISCHARGED AWAY
FROM CRANKCASE
2 NOZZLES OVER UPPER THIRD OF ENGINE MOUNT RING
2 NOZZLES UNDER UPPER THIRD ENGINE MOUNT RING
1 NOZZLE ABOVE AND FORWARD OF OIL COOLER
,-/I T
‘\“l_
EXHAUST
COLLECTOR C :

ENGINE

MOUNT RING
A ’ : ENGINE

CRANKCASE e MOUNT RING

CONTOUR

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
1 NOZZLE ABOVE AND FORWARD OF CIL COOLER
1 NOZZLE AT BOTTOM CENTER OF ENGINE MOUNT RING

NOZZLES
T4

S ENGINE
MGUNT RING

Figure 19. Distribution System - Type H

Figure 20. Nozzle Tvpes Used in Tesls

{Arrows Indicate Spray Direction)
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Figure 22. View of Heating Shroud from Front
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Figure 24. 5 Gallons Per Minute Oil Fire in Power Region



Figure 26. 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 Typé Detector - Walter Kidde & Company
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Figure 31. Metal Expansion Type Detector -

American Lafrance Foamite Corporation
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Figure 32. Fusible Alloy Type Detector -

Fenwal, Incorporated
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L
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FIREWALL

Figure 33. lonization Type Continuous Deiector -
Minneapolis Iloneywell Regulator Company

INDIVIDUAL DETECTORS
ON UPPER TWQ-THIRDS
OF ENGINE MOUNT RING
SPACING APPROX. 18

INDIVIDUAL DETECTORS
SPACING APPROX. 7™

INDIVIDUAL DETECTORS
LCCATED ON CIL COOLER:
SUPFORT RCDS |

Figure 34, Optimum Locations for Unit Type Detectors



34

CONTINUQUS DETECTOR
AROUND UPPER TWO-THIRDS
OF ENGINE MOUNT RING

CONTINUQUS |
DETECTORS T
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LOCATION OF THERMOCOUPLES ON
FIREWALL AND GILL FROM FRONT

Figure 36. Locations of Thermocouples for Determination of Skin

Temperatures under Various Fire Conditions
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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 (°F) Recorded at Thermocouples Located as shown on Figure 36.
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Figure 47. Skin Temperature Versus Time - Gasoline Fire on Right Side of Accessory Lagging

(Thermocouple Locations Shown on Figure 36)
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Figure 48. Skin Temperature Versus Time - Gasoline Fire at Bottom of Accessory Region

(Thermocouple Locations Shown 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)





