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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.

TECHNICAL MEMORANDUM NO. 537.

FIRE PREVENTION ON AIRPLANES. ¢
By J. Sabatier,

PART ITI.
Chapter III.
Sparks and Hot Points

Electric sparks.- The main sources. of dangerous sparks on

airplanes are the magnetns, the engine ignition cirouits, the
radio, electric 1light and power wires with their accessories.

No difficulty in principle is encountered in taking the proper
safety measures regarding them. They will, in general, give sat-
isfactory results, provided they are carefully applied. One of
the principal measures is the removal of the magnetos as far as
possible from the carburetors and fuel pipes, in ofder té pre-
vent the electric insulating materials from being damaged by pos-
sible leaks, and the fuel vapors from coming into éontact with
magneto.sparks,-in spite of the protection afforded by the metal
casings. The installation, seen in July, 1928, at Orly, on a
well-known foreign touring airplane, the magneto of which was
placed close to the carburetor, just behind the joint of the air-

intake pipe (a pipe which, moreover, opens practically inside

*"Etude sur les Moyens A'Eviter les Incendies a Bord des Aviens'
from Bulletin Technique (Service Technique et Industriel de
1!'Aéronautique) No. 56, January, 1929.. Reproduced by permission
of the author. For Part I, see N.A.C.A. Technical Memorandum
No. 536.
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the cowling), is subject to criticiem.
Of course, the electric wires should not run unﬁer the fuel
and oil pipes, since they Woﬁld thus be exposéd to drippings
harmful td the insulating matérials. Switches and other acaesso-
.ries (especially those belonging to.the radio equipment), which
may produce sparks, should be enclosed in metal casings. Lastly,
the safety fusés should not, in melting, be sble to project in-
candescent metal into the fuselage. |

The terminals of different polarity should be sufficiently
separated to prevent the possibility of a short circuit. The
connections should be proof against being loosened by accidental
shocks and vibrgtions. Moreover, it.is very desirable that pro-
#ision be made for comparatively easy access and inspectiom: of
the back sides of the switchboards. A fire in 1924 was attrib-
uted to the bad condition of the connections on the back of a
switchboard which, not being readily accessible, could not be
adequately inspected and repaired.

The engine ignition wires require'sbecial precautions, ow-
ing to their iﬁportanpé for the fuhctioning of the engine, and
to their proximity to the latter, to the fuei'pipes and even to
the tanks. There is recommended the use of protective battens,
grouping all the ignition wires over the common portion of their
length and guatrding them agaihsﬁ impacts, friction and fuel and
0il splashes. The results and the degree of saféty thus achieved

are remarkable. It should not be possible for the connections
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f the ﬁires to the spark plugs to unfasten or slacken' in flight.
Moreover, when using storage batteries, protective méasures
should De adopted not oniy against the denger of short circuits
presented by the exterior terminals, but also against the deto-
nating gases escaping during the charging period. Thus, a bat- .
tery explosion, followed by fire, the consequences of which were
fortunately limited, occurred in 1987 on an alrplane which had an
insufficiently ventilated battery compartment. These precautions
should render it possible to avoid dangerous'eleotric spérks under
normal conditions of operation. They may, nevertheless, oégur if
the airpleane is seriously damaged, its installations.dislodged
and bare portioﬁs of live wires brought into accidental contact.
This may occur, but should do so only rarely. It is difficult to
establish general regulatiohs which will completely prevent this
possibility. |

Exhaust Gases, Fire Screens and lufflers

The danger presented by the exhaust gases, valves and corre-
sbonding pipes is more imminent than that due to electric sparks.
In addition to their inherent heat, these gases contain flames
and particles of incendescent carbon due to 1noomplete combustion
of the fuel, or rust scales due to oxidation of the pipes. Flames
and sparks are produced chiefly when the engine speed is changed
suddenly. |

The most obvious means of avoiding these troubles is to
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lengthen the exhaust pipes by means of expansion chambers in Whiéh
the gases can expand and cool sufficientiy to extinguish any
flames or sparks before they reach the outside. A narr0W~meshed
screen can olso be placed at the point of exit of the gases,

which will remove the incandescent particles without stopping the
gases themselves. When these expansion chambers are conveniehtly
arranged, they muffle the exhaust noise of the engine and thus
serve the double role of mufflers-dnd fire screens. As a matter
of fact, designers have hitherto chiefly sought to make good muf-
flers, since engines with direct exhaust; gsoon render the stay-

on airplanes unbearable. Fire prevention has received some atten-
tion. only as a matter qf minor importance.

AIt_has also been endeavored to.reduce'the glare of the flames
from the engine rather than to suppress them completely. These
flames greatly disturb the pilot during night fiights, especially
in londing. Although it is rather easy to reduce the glare of
the flames, it is much more difficult to suppress them completely,
especially when the engine speed is suddenly changed. However,
the efficﬁcy of the desired fire-prevention device depends prin-
cipally on the latter condition. Particularly, in the case of
capsizing'or of a rough 1anding, the engine may pass directly
from a high speed to a complete stop, and the absolute absence of
dangerous flames is then of paramount importance.

The conditions outlined above and the difficulfy of the prob-

lem fully account for the fact that the fire screens thus.far
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tested haye not yet given satisﬂéctory results as regards fire
protection. Since, howevef, the problem has been stated, it
should be possible to solve it at the cost of some effort.
Assuming that satisfactory fire screens will be made shortly,
the question arises as to Whethér their use should be made compul-
sory in order to reduce the fire hazards. In this connection
some doubt has been exbressed by several authorities. They have
called attention to the fact that in lengthening the exhaust pipes'
by means of tubes or expansion chambers, the valves and adjacent
sheef—metal parts are prevented from cooling as quickly and thor-
oughly as would be possible if they were in direct contact with
the opén air. - The heating of the‘valVés, if excessive, causes
- gerious trouble in the functioning of the'engine (seizing of the
rods, breaking of the valve- stems, impairment of the tightness,
etc.). This is not the greatest danger, nowever. It is revealed
in the case of a bad landing. If the impact of the airplane is
sufficient to burst the tank or break a pipe, the fuel flows out
end fills the air with its vapors. They gradually penetrate into
the muifler and enter inio contact with the het points. If the
temperature of the latter is still high énough to cause the car-
bureted air to take fire, there is an immediate explosionQ Tests
made in 1924-26 in the United States, where obsolete airplanes
were made to crash against obstacles, aTe indicative in this con-
nection.  They reveal the incendiary effect of hot spots in the

“exhaust pipes in landing accidents. Hence, in estimating the ef-

)
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ficacy of a fire screen, it 1s not enough merely to verify its
cooling action on the gases and the low temperature of its outer
envelope, but it is also necessary to make sure that the temper-
ature of its inner portions is sufficiently low to avoid the risk
of setting fire to the fuel vapors with which it is brought in
contact in the case of an accident.

Before issuing regulations regarding the precautions to be
. taken in this connection, the S.T.I.A€. made the following tests,
in an attempt to determine the admissible limiting tempergture:
Different fuels were poured drop by drop on an electrically heated
metal plate and the temperature was measured, above which each
fuel ignited on contact with the plate. Under these conditions,
gasoline took fire at a témperature of the plate of 580°C (1076°F),
' gas oil at 560°C (1040°F), mineral lubricating oil at 500°C
(9380F), and the safety fuels referred to above, at 620 to 650°C
(1148 to 1208°F). The seme fuels were also projected against the
plate in the form of vapors, after passing through a suitably
‘heated tube. The vapors were found to take fire at the same tem—
peratures as the liquid, without appearing to be affected by the
heating temperature in the tube.

The results merit consideration. They show, in the first

place, that according to the assumed hypothesis (i.e., the pro-

jection of fuel against a muffler after a hard landing) oil is
as dangerous as gasoline, since 1t takes fire at a lower tempera-

ture of the plate. Hence, oil tanks must be separated from en-
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gine compartments by bulkheads, the same as fuel tanks, so as to
prevent, as completely as_possipie, leaking o0il from coming in
contact with the mufflers. It is also seen that, although there
is an actual superiority of safety fuels over gasoline (uCPOIdlng
to the above hypothesis), it is not so great that we can negleot
in using them, the precautions regarding mufflers which have been
found nécessary in the case of gasoline.

Besides, these con;iderations were confirmed by the following
tests, made at the end of 1928, by Chief Engineer Caillol of the
SiT.I.A6. Fuel, in drops and in a sheet, was pouted on the out-
side of a muffler of a recently‘approvéd typéi Thé muffler had
been heated by prolonged running of the enginei The engine it-
self was placed on a bench, in'an air flow of approximately 100
xm/h (63.1 mi./hr.). The engine was suddenly stopped and gaso-
line was dropped on the muffler a few seconds later: No fire 06—
curred, which was quite natural, since the temperature of the
sprinkléd walls was not over 400°C (?EZOF)S The test was then
repeated, but the fuel was imjected inside the muffler. The gas-
oline took fire immediately. This also occurred with the safety
fuels, but only within a few seconds after the injeofion, The
phenomena are self-explahatory. .The internal port;ons of the
muffler had local hot spots, the temperature of which exceeded
the critical &alue indicated above. The fire took place as soon
as the fuel or its vapors came into contact with these hot spots,

the quickness of the contact depending on the volatility of the
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liquid injected.

These data can be used in an attempt to produce efficient
mufflérs and fire screens, without increasing the danger of fire.
In this connection, experimental indication is given by the air-
plane crash tests made in the United States (Fig. 4 - see Tech-
nical Memorandum No. 536, Part I of this report). They comprise,
in particular, a comparative test, during which sixteen airplanes
were crashed. Ten were provided with aluminum mufflers, arranged
so as to be well cooled by the relative wind. Five exhausted di-
.reotly into the air. The last airplane_was equipped with a steel
muffler of the so-called "saxophone" type. A single fire occurred
in the course of the sixteen tests. This was on the aiTplane with
the steel muffler, which wgs cooled the least.

Independently of the American results, the previouély men—
tioned hot-plate tests indicate the goal which must. be pursued in
order to improve mufflers from the viewpoint of fire prevention.
It consists primarily in reducing the. temperature of the hottest
poTtions of exhaust manifolds below the burning point - 580°C
(1076°F) for gasoline. After this result has been achieved, it
will be possible, if necessary, to lengthen the exhaust pipe by
means of sound or flame-reducing devices. But as long as the
cooling at the origin is not assured, any prolongation of the
exhaust will cause the heat to be.retained at the origin and hence
retain the fire hazard instead of removing it. Of course, the
cooling system must aét immediatel& at the outlet of the engine

cylinders.. It may consist of aluminum, as in the American tests,



¢ I."of thin steel with fins, tubular wire gauze, or any other
equivalent device.

The cbove considerations assume that the hot spots are red-
hot metal portions of the exhaust pipes. However, 1t often hap-
pens that gases, incompletely burned in the cylinders, contain
carbon;particles which are.deposited in the exhaust pipes. In
the first place, the accumulations of coke and soot cause a re-
duction in the cooling capacity of the walls coated by them., The
chilef tiouble; however,.is that they may contaim inceondescent
particles of coke. From our viewpoint, these particles, owing
to their high temperature, form partiodlarly dangerous hot points.
It is rather difficult to make general suggestions for ﬁheir com-
plete eliminntioms We can say, howe#er, thaf improved original
cooling of the exhaust manifolds reduces the danger from the coke
deposits. In designing a new type of muffler, one can then de-
termine experimentally whether it has-a tendency to accumulating -
soot at ifs hottest points and how to combat-it. It is only nec-
eésary toAmake, as certain designers already do, test models
which are cut by a longitudinal plane and which can be easily
opened for inspectiom after being used for some time.

Tests Tecently made by the S.T.L.A€. show that it is possible,
on the basis of these cbservations, to make‘effioient mufflers
which do not involve so greét fire hazards. It has been found
possikle to inject gasoline and safety fuels into oné of these

mufflers, immediately after stopping the engine, without producing
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fire. Following the experiments of 19234-236, the Americans have
suggested the application of similar tssts to every new fire
screen submitted for approval. '

The tests begun in France will be continued, especizlly by
systematic temperature measurements of internal portions of the
exhaust manifolds under normal conditions of flight. Pending the
final results, the particular attention of muffler designers is
called to the foregoing considerations, the importance of which
is often not understood. It is probably bécause their applica-
tion has been neglected, that serious fires have so often occurred
'éfter partial crashes.

Lastly, even a good muffler is not sufficient in itself, but
much depends on its correct installation, Two factors which
greatly affeot'the fire hazard in the case of fuel leaks should
be considered in this connectibn. They are the rapidity with
which the hottest portions of the exhaust pipes and valves cool
after the engine stops and the time elapsing before the fuel and
0il come in contact with them., If this time is increased, there
is moTre time for the heat accumulated in the exhaust to disperse
in the air,

Measures for rétarding the progress of the fuel toward the
engines will be described.later. As to the measures for the
quick cooling.of the manifolds after stepping the engine, each
case must be studied by itself. As a matter.of fact, these meas-

ures do not simply vary for-different mufflers, but also for the
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same muffler when used on different engines. Thus, a muffler 1o—‘
cated in the V formed by the two rows of cylinders, may be suf-
ficientiy cooied as leng as the air is circulated in flight, but
will reﬁain hot long after the eﬁgine stops, since it is directly
affected by the inﬁense heat radiation of the surrounding parts.
The same muffler, placed on the side, will cool much faster. This
leads to the conclusion that one shouid avoid, 1if possible, plao—;
ing exhaust pipes and mufflers in the V of the engines.

To sum up, the presence of a fire-screen muffler increases
the safety against fire, as leng as the conditions of flight re-
main normd. If, on the other-hand, fuel is spilled after a bad
landing, the situation is reversed and the presence of an.inade—
quate device may greatly increase the dapger it was designed to
Temove, |

Obviously, in addition to the fundamental qualifies discussed
above, fire-screen mufflers must satisfy the following conditions:
relative 1ightnéss and lew éerodynamio resistance; low absorp-
tion of engine power; insulation of their walls from oombusﬁible
parts of the éirplane; good resistance to vibrations, impacts

and oxidation by gases at high temperatures.

Heating the intake air.— The question of heating the carbu-

reters and intake air is closely related to the exhaust problem
considéred above.* The intake pipes and carburetors of powerful

engines collect frost in cold, damp weather, On certain engines,

I am indebted for many of the data in this treatise to the cour-
tesy of Chief Engineer Hardy, of the S.T.I.Aé.
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this phenomenon may occur e&en at relatively high temperatures
of 10 to 15°C (50 to 59°F). It is accompanied by a rapid de-
crease in the engine speed. Sometimes, the decrease may last,
and in some cases it may be followed by a jerky running of the
engine, with periodical rises and falls in the number of revolu-
tions. When the cold is intense and protracted, the ice which
forms inside the carburetor may obstruct the carburetor jet and
block the controls. It then causes serious enginé trouble. On
the other hand, it was seen in Chapter II (Technical Memorandum
No. 536 - Part I of this report) that extending the air intake
pipes to the outside of the'éowling, deemed necessary as a pro-
tection against fire, increased the tendency of the.carburetors
to collect frost.

The heating of the carburetors and their intake pipes is

not only a means of improving the regularity of the engine, but

is also a direct consequence of the measures taken to avolid con
flagrations due to back fires. It was also seen that safety
fuels could not be used without thoroughly héating the carbure-
tors. This fact increases the importance of the devices pro-
posed for this purpose. Whatever fuels are used, it is impoT-
tant that heaters introduce no additional fire hazard.

In order to combat frosé, we may heat either the air ‘before
it reaches the carburetor, or the carburetor itself, or else the
carbureted air as it leaves the carburetor.

le On many old engines the air was heated bvefore it reached
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the carburetor, by locating the ends of the air-intake pipes in-
side the cowling on the hot portions of the engine. We have,
however, pointed out the danger of fire involved in this arrange-
ment, which is no longer aﬁthorized in ?rinciple. Under these
conditions we must use either water or oil radiators in the in-.
take-piﬁe, or we must use a special exhaust-gas pipe’running
through the intake pipe. Of course, water radiators cannot be
used on air-cooled engines. Besides, both water and oil radia-
tors are felatively heavy  and not easily adjustavle to the tem—
perature variations of the surrounding oir. If the radiator
gets too hot, the quantity of air per cylinder volume may be re-
duced énd a considerable fraction of the engine péwer losts
Moreover, in attempting to start in cold Weathef or to pick up
~after a long dive with engine stopped, the water or oil may get
cold and fail to heat just when it is most needed.

Preheating, by mesns of exhaust gases, does not cause the
same -troubles, but it involves a serious denger of fire in the
two following cases: ‘

a) The pipe which runs through the air intake is not per--
fectly gas—tight, either due to joint leakage or to the perfora-
tion of the walls by oxidation. Ip this case, hot gases, flames
or incandescent particles may bé introduced directly into the
carburetor.

b) The hard impact of a bad landing tears off or dislodges

the heating pipe at the point where it enters the alr-intake
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pipe. Direct obmmunication‘is thus established between the ex-
heaust and intake pipes, which may immediately result in a fire
‘if-the engine is still iunning.

In principle, no difficulty is encountered in preventing
the first case. Thick pipes, with strong and well-protected
connections, answer the purpose. Unfortunately, quite differ-
ent conditions are encountered in the second case, because the
damege from an abnormal impact is too diversified to enable the
necessary precautions against all its ﬁsssible effeots.

It is important, however, to take at least one precaution,
nemely, o place the oir intake and its heating pipe where they
will not be the first parts of the engine to strike the obstacle.
Thus, for example, the air intake should be located rather high
and well oft, so that a cylinder ﬁould‘have to be torn off first,
or a large portion of the crank case knocked in, vefore it would
be reached. Under these‘oonditions, one would be almost certain
that the feared communication vetween infake and exhaust would
not be established before the engine would be completely stopﬁed
and its incendiary action suppressed. However, in spite of the
" good results which may be achieved by this precaution, it is
bettsr to avoid, if possible, heating the air by means of the
'exhaust gases'and to heat the carburetor instsad, as explained
below. |

| 2. One can heat the body ond the float'chambsr cf a car-

buretor either by a water or oil by-pass.or by cn exhaust-gas
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by-pass. Water and oil are naturally open to the objection
winich has already'been encountered in connection with the ques-
tion of heating the inteake air. They are 111l adapted to cold
starts and to picking up in flight after a long stoppage of the
enéine. Aside from this, however, experience shows that heating
by means of fhe radiator water is very satisfactory and easy to
regulate,

Unfortunaﬁely, it cannot be used on air-cooled engines.

For these we must resort to the oil or exhaust gases. Heating by
0il is possible on light airplenes, the relatively small oil re-
sefve of which rises quickly to the required temperature level
after the engine is started. This, however, does not apply to
large airplanes, the great oil mass of which heats very slowly.
On such airplanes, the oil seldom raises the temperature of the
carburetor sufficiently.

In order to remedy the disadvantages resulting from heating
with the water or oil at the take-off and to provide the addi-
tional heat required when oil is used, it has been proposed to
supplement these methods by using the exhoust gases. The method
of heating by the exhaust gases would then be used only in emer—
gencies, suoh as starting, picking up and flying in very cold
weather, being cut out under normal conditions. The fire haz-
‘ards involved in this system are thus greatly reduced. On the
other hand, we may criticise this combination for. its relative-

complexity of installation and of operation.
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It remains to examine the question of heating the carbure-
tors by memns of the exhaust gases. t is to be feared that, as
far as fire hazards are oonoerﬁed, this -method be open to objec-
tions similar to those mentioned above in coﬁnection with the
intake air. These objections, however, are greatly weakened
oy the foliowing considerations. When air is to be heated, its
poor conductivity calls for a high temperature of the heating
gas, a great output and large radiating surfacés. The direct
exhaust flow of one or several cylinders must therefore be used
in most cases, always with large pipes, provided with a highly
developed system of fins. On the other hand, the carburetor
and the fuel which it contalns haﬁe o high degree of conductiv-
ity. Hence, a iather small quantity of gas at a relatively low
temperature will pprovide the requisite heat.

Experience shows that good heating is generally .obtained
by sending a small portien of the maim exhaust flow into the
carburetor jacket. The amount can be regulated by a throttle
plaéed at the origin, in such a manner.that the temperature of
the delivéred gases remains below the value, beyond which there
is danger of igniting the fuel in case of rupture or leakage of
the pipes. -In this connection, a maximum.temperature of 350°C
(6620F) for the carburetor envelcpe and of approximately 450°0
(843°F) for the heating gas seems to be about right. Besides,
the following test shows, without making accurate temperature

measurements, whether the requisite safety conditions are satis—~
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fied for any given engine ty?e. After interrupting the gas by-
pass below iﬁg thrbttle valve and letting the gases escape into
the open air, we can maké sure that a pad-soaked with gasoline
and exposed to these gases, is not ignited by them. Besides,
as an additional preoaution,'the by-pass pipe can be placed in
a regionhwheré.it will be protected from destructive impacts..
Ité small size and the proximity of the carburetor will facili-

tate the achievement of this additional guaranty.

Se We have just seen how the intake alr or the éarburetor
and its accessories are heated, The carbureted air should,
moreover, be kept hot until it enters the engine. The coldest
spot of the carburetor is usually near the Venturi tubes. Hence,
fuel oondensatidn and irregulér carburetion may be feared if,
after heating the air before or in the carburetor, it is left
to cool immediately afterward. In most cases, the proper temper—
ature can be satisféctorily maintained by the circulation of
water or oil, or simply by Trecourse to the conductivity of the
hot portions of the engine. The corresponding devices present
no special diffioﬁlty nor requiré any particular precaution.

A11 the above considerations show the importance of heating
the air before its admissiom into the engine. They also show
the necessity of carefully designing.the heating devices, in or-
der to avoid serious fire hazards. When heating by the radiator
water is possible, it is the simplest and safest means. Other-

wise, and especially in the case of air-cooled engines, one
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should, in principle, resort to the heating of the carburetor by -

a by-pass from the exhaust pipe. It is possible to use exhaust

~gases without danger of fire, only by taking very complete pre-

cautions. These precautions, however, can be easily taken, ex-

cept in very specilal cases.

Chapter IV

Precautions to b€ Taken in Anticipation of Hard Landings

The regulations in Chapters II (Technical Memorandum No.
536 - Part I of this report) and III should suffice to eliminate

most possibilities of fire in flight, as long as nc serious en-

" gine trouble develops. Besides, their efficacy js confirmed by

experience. AThey do not suffice, however, in the case of major
engine troubles or when the airplane lands on its nose. The
latter case is by far ‘the most dangerous one. Its conséquences
reproduce, on a larger scale, those resulting from engine tTou-
bles. It is better for us to consider the case of fire produced

by a bad landing. This phenomenon develops along well—~knowm

lines somewhat as follows. The airplane strikes the ground, the

impact dislodges the engine and it§ accesscries, The pipe con-
nections spring -aleak oT separate, while the pipes break. In

the most serious cases the fuel tank bursts open, the carburetor

. float chamber is knccked in or torn off. Eventually the fuel

leaks and forms a dangerous expleosive mixture.

If the pilot, for want of time or attention, does not cut
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the ignition, the engine strikes the obstacle while still run-
ning.* The immediqte stop caused by the ground, starts fire in
the exhaust manifold and back fires at the intake. A spark due
to a broken ignition circuit or electric distribution wire, or
a contact of the fuel vapors with the hot spots of the manifold
may also occur, They all cause the ignition of the carbureted
air, which explodes. It is particularly difficult to combat
the ensuing general conflagration: since it is fed by vapors
wh;ch are spread everywheref

If the fuel tanks cannot be isoiated at the very beginning>
of the accident from the field of the conflagration, either by
a stopcock or by means of a tank-dumping device, and especiallyl
if the tanks are bioken open by the impact, fheir'contents will

feed the fire and increase its violence,

I

Precautions of a general charaéter.-. The order of the phe
nomena analyzed above, indicates the means of stopping or de- '
laying their progress. The first and most commom means is to
enable the pilot to cut the ignition as soon as a crash becomes
inevitable, Besides, the switch is usually-placed within easy
reach of the pilot, and its installafionfinvolves no difficulty
unless the airplane is of the multi-engine type. In this case,
the pilot should be able, at will and according to circumstances,

either to cut the ignition of any engine separately or to cut

*Englnes with a high compression ratio sometimes continue to Tun,
under the action of auto-ignition: phenomena, even after their
normal ignition is cut. In this respect they involve serious
danger and hence require even more than an ordinary engine, anti-
fire precautions in the case of a bad landing.
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the ignition of all the engines together by means of a single
switch., The feeling of safety which this arrangement will give
him, will greatly compensate for the relative complexity of the
electric circuits,. |

Certain inventors, impressed by the accidents which happen
when the pilot fails to cut the ignition in time, have suggested
devices which break the ignition circuit as soon as the airplane
encounters difficulties, especially during stalls. The danger
entailed by the untimely functioning of such devices, has al-
ways rightly prevented thelr use. ’

We have already considered the devices which make it possi-
ble to avoid back-firing at the air inlet and flames in the ex-
haust pipe. Hence, there i1s no occasion to revert to them here.
We will only call attentiom: to the fact that, in order to'play
their part, the fire screens and devices for preventing back
fires, must not be damaged too soon, when the engine strikes an
obstacle. It is therefore highly advisable to place them in a
portion of the cowling where tﬂey will be relatively well pro-
tected and where, in any case,’they will not be struck before
the vital parts of the engine. The mufflers, intake pipes and
carburetors are often located at the front end of the engine,
so that they are the first accessories to be torn off or
crushed by the obstaéle. Under these conditions, the engine
may continue to rotate for a fraction of a second, with the

valves exhzusting into the open air, the carburetor being broken
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and the air flowing back toward the inlet. This is all that is
necessary to start a fire, which might have been prevented, if
the heavy parts'of.the engine hadvbeen-the first to be broken,
thus causing it to stop before the emission of dangerous flames.

Besides, we may ask whether it would not be advisable to
add to the above precautions, Iﬁ‘the bows of ships there are
shock compartments which are crushed and which damp the effect
of collisions, before the vital parts of the hull are reached.
The first aﬁd last'cars on passenger trains likewise act és
buffersf There is no such arrangement on airplanes. On singlé~
engine'airplanes'the impact is primarily received by the propel-
ler shaft and the engine, with which the destruction begins;
Since the engine, crank shaft and crank case form a rigid mass,
it has the effect of a veritable ram which drives everything
behind it.

It would seem possible, at least in certain cases (e.g.,
for engines with reduction gear, where the distance between the
propeller and the crahk case is greater than on direct-—drive
engines)'to proteotvthe éngine byHSurrounding its front portion
with a truss or cage of angle irons, strongly attached to the
fuselage. This truss would be crushed by the impact, before the
engine and its principal aécessories would pe damaged. Even if
we admit that this protecting‘cage can only partially damp vio-
lent impacts and does not suffice to prevent the diéiodging of

the engine, it will nevertheless increase the interval of time
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between the stOpping-of the engine and the destruction of the
fuel pipes and fire-prevention devices. It is of dapital impor—A
~ tance to gain time in such cases.

In addition to landing impacts, oonflagratiohs are often
caused by back fires atA%he inlet, even when the above-mentioned
precéntions have been taken. This occurs when the rupture of a
connecting rod, in the neighborhood of the carburetor, causes
the latter to be torn off and lays open the inlet to the cylin—»
derss |

If the pilot cuts the fuel supply; as he ought to, the
- quantity of ignited fuel is reducéd to the gasoline contained
- in the carburetor and in the adjacent pipes. The fire will ﬂot
~be so intense as to render extinction imposSible; provided the
airplane is adequately equipped for'thié purpose. It is nevér—'
theless advisable, in order to avold such risks, to place back-
fire prevention devices as closely as possibleAto the cylinders,
and to separafe'the carburetors from the splash area of the con-
necting rods, in so far as the other general arrahgemenﬁs-of the
engine will permit., |

In this connection, attention is again called to the para-
mount importance of draining fuel and oil leakages outside of
the fﬁselage in the most direct way possible, whether they are
due to an injury to the éngine, the breaking of a piﬁe or to

any other cause.
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"Isolation of the Engine Compartment and Tanks

The engine compartment is a hot chambef where the slightest
accident can start a fire. One should therefore reduce to a min-
imum. the combustible elements which it contains. Besides, it
should be isolated from the airplane proper so as to prevent
the spreading of incipient fires. All agree on the necessity
of a fireproof bulkhead (fire wall) betweén the engine and the
rest of the airplane. Ko large fuel or oil receptacle (except
the carburetor) should be plaoed on the'same side of the fire
lwall as the engine. HMeans should be.providéd‘for the immediate
igsolation of the main fuel and oil tanks (especially the fuel
tanks) from the pipes leading to the engine -and passing through
the fire Wall. The isolation shoﬁid be effected by means of a
quick—closing oock‘operatéd by the pilot. Each stopcock musst
be placed as Qlése as possible to the tank which it is designed
to protect. If, after a certain length of time, it is feared
that a Quick~closiné cock is no longer peifeotly tight, it should
be supplemented by a slow_motidn cock. _The former Wbuld'be'used
'bybthe pilot oniy in case of emergency, but hé latter Wbﬁld e
used under normal conditions of operation. The fireproof bulk- "
head serves a double purpose. It is designed tolprevent the
fiames, originating in the engine compartment, from spreading to
the body of tﬁe airplane. It is also intended to prevent exter-
nal fuel 1éakage from getting into the engine compartmentf “In

order to stop the flames, the bulkhead must be metal and pro-
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vided, if possible, with a heathésistant lining. It oiten con-
sists of two metal -sheets with an intermediate sheet of asbestos.
The fire wall should not be strictly confined to the transverse .
section of the fuselage, but shouldlbe prolonged at right angles,
to the transverse section in both directions.

Flames stopped by the transverse bulkhead actually tend to
burst through the sides of the engine compartment. They are
then swept back on the airplane by/Egiative wind, if the fire
breaks out during fiight, or by normal draft, if it occurs on
the ground after a landing on the nose. We cannot prevent the
flames from bursting forth, especially through the ports provided
in the cowling for the ventilation of the engine; but we can
separate the ports from the bulkheads and render the intermediate
cowling suffioiently'gas—tight, so as to increase the distance
traversed by the flames materiglly, thus reducing their harmful
effect. The fire wall should also be extended along the sides
of the fuselage in the direction opposite to the engine compart-
ment. Otherwise, the fuel escaping from the tanks or pipes, bro-
ken by a landing impact, ﬁill flow on and around the bulkhead,
without encountering any obstacle, and scon reach the possible
location of the fire., When, however, the fire wall is extended
laterally by sufficiently long metal walls (e.g., 30 to 30 cm -
7.9 to 11.8 in.), the fuel will be stopped by the relatively
tight basin thus formed, It will not péss this barrier unless

the leakage is very large. Besides, the flooding would not be
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immediate. Thus, the safety is increased by simultaneously re-
ducing the danger of fire and increasing the time 1t will take
to break forth. The extension of the fire wall, by metal ele-
ments, is generally adequate in the direction of the engine, but
not in-the opposite direction. Thus, we often see the wood
planking of the fuselage enter into direct contact with the
metal of the fire wall, as though it sought to get as close as
possible to the-eventual location of a fire. This arrangement,

- for which ho adequate reason can be given, greatly reduces the
efficacy of the barrier.

0f course, the points where pipes and controls pass through
the bulkhead must be perfectly fuel-tight and fireproof. In gen—
eral, 1t will be possible to sétisfy these conditions by using
stuffing boxes. One may also have recourse to spéoial ball and
sockef joihts which will reduce the danger of jamming and change
of level especially in fhe case of rigid controls. On examining
the fire walls with which wmost airplanes are provided, we are
struck by the carelessness of theilr iﬁstallation, characterized
by tﬁe absence of joints or stuffing boxes and by the existence
of wide openings on the sides and at the upper portion.

Sfill, everybody agrees on the necessity of opposing com-
plete and resistent barriers to the fire. For those who still
remain skeptical, we will merely remind them of the accident
which happened at the beginning of 1928, on an observation air-

plane in Syria. Fire had broken out, following an engine break-
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down due to faulty lubrication. The fire wall retained the main
mass of flames long enough to enable the two men of the crew to
save themselves by jumping with their parachutes but, oWiﬂg to
the poor design of the barrier, they were badly burned by the
hot gases and tongues of flame which it allowed %o pass, thus
preventing them from successfully comba Ing the-fire.

The above COnsiderafions apply particularly tc the case of
an airplene with its engine located in the axis of the fuselage,
~with the fuel tank behind it. The'preoautions will vary if the
engines are of the lateral type or if the tanks are located in
the wings, but the principles to be observed remain the same.

Although a carefully designed fire wall affords real pro-
tection égainst conflagrations in flight, it is unfortunately
less satisfactory in the.case of a fire following a landing on
the nose. The engine, thrust backward by the ground, acts like
a Tam on fhe fire wall, which it knocks in. In some cases, the
latter is struck by the tank, inadequately seéured by its at-
tachment fittings. Finally, in some cases, the engine after.
forcing the fire wall, hits the tank which it also knocks in.
This condition is partioularly dangerous since it creates a fuel
leakage and simultaneously facilitates its direct access to the
engine compartment.

We considered in Chapter II (Technical Memorandum Ne¢. 536,
Part I of this report), the conditions»whioh the tanks and their

fittings must satisfy, in order to withstand direct landing im-,
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pacts. We need nbt revert to the subject here. As regards the
crushing of the fire wall by the engine, we must in mést cases
confine ourselves to reducing its effects, without absolutely
removing the possibility. We can, in particular, either'protect
the engine proper against landing imgaots, or place it farther
from the fire wall (if permitted by the weight'distribution of
the airplane), or else reinforce the fire wall itself. |

It will be observed in this connectibn that preéent—daj
fire walls aTe not designed to withstand even slight iﬁpaots.
Their function is confined to stopping fuel and flames (more or
less well, as seen above). It would, hoﬁever, be easy in many
cases to reinforce at ieast the portion directly opposite to
the projecting part of the engine, without greatly increasing
~ the weight.

Lastly, it is necessary to prevent the engine from striking
the tank after passing through the fire wall. The measures to
be taken in this connection are toé closely related to local
conditions to be specified in advance. We shall therefore con-
fine ourselves to the following suggestionsf

a) Place the fuel tanks at a certaim dista{noe - 10 to 15
cm (3,94 to 5.9 in.) - from the fire wall, so as to allow for
a considerable deformation of the latter before it comes in con-
tact with the tanks. .

b) Avoid locating thé tanks exactly in the axis of the en-

gine. "It is usually possible to place them on either side of
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the axis, so that the projecting parts of the engine, which
first strike the bulkhead, Will not immediately afterward come
in contact with the tanks,

c) Protect the tanks by a special elastic covering, de-
signed to keep it tight even after deformation or rupture. Some
of these coverings are quite efficacious against machine-gun bul-
let holes and may'also be used in the bresent case, However,
most of them finally become saturated With fuel, especiaily when
a tank springs a leak. If the leak is not immediately discov-
ered (which is diffioult, since the prbtéotive'qovering conceals
the walls and their seams), the covering becomes a veritable
sporige soaked with a combustible liquid. Under these conditions
the remedy is worse than the danger which 1t is designed to avoid.

The best means of preventing the engine from striking the
tank consists in placing them well apart. This is achieved by
placing the fuel tanks in the wings, above and behind the engine
compartment. This diéposition is most advantageous from the
viewpoint of fire protection and is highly advisable whenever
the éeneral arrengement of the airplane permits.

Lastly, the question as t0 whether arrangements should be
made'for‘Quiokly dropping or emptying the fuel tanks in flight
has been much discusseds This would enable the pilot to elimi-
nate the main explosive mass as soon as there should be danger
of fire reaching it, thus greatly reducing the violence of the

Ca.lami'tYO
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The tank-emptying devices hitherto used on sirplanes gener-
2lly have their disadvantages. They drain off in a few seconds
all the fuel desired, but do not render it possible to control
the path of the liquid after it has left the tank. Thus, 1t may
come in contact with the fuselage (especially at the end of the
operation when the expulsive pressure is low) or simply create
a dangerous carbureted atmosphere about the airplane. Besides,
it is rather paradoxical to seek safety by scattering fuel, even
at some distance from a fire., The rapid emptying of the tanks:
should therefore be authorized only in particular cases, €«g.,
on certein military airplanes exposed to the action of incendil-
ary bullets and without means for dropping the tanks. Even in
this case, special precautions must be taken to prevent the evac-
uated fuel from passing too near the fuselage and its accesso-
ries, even'if the alrplane dives suddenly.

Modern tank-dropping devices are not subject to such serious
objections. They have been successfully used on many military
airplanes and quite recently on a pursuilt airplane under test at
Cazaux. Thig airplane had performed several stunts in_the course
of which the overflow pipe of the tank had leaked slightly. The
flame of an insufficiently protected machine-gun fire ignited

the fuel in the cowling. By dropping the tank, the pilot was

_able to prevent the conflagration from spreading and to land

safely. The use of tank-dropping devices necessitates installa-

tions which are often quite heavy. In the first place, there

\



N.A.C.A. Technical Hemorandum No. 537 30

. must bé provided, in the pipes connecting the tank and engine,
weak points designed to break as soon as the tank is dropped.
These weak points, more than any others, are subject to injuries
and leaks. On the other hand, the tank must be carefully guided
during its fall until it has completely left the fuselage. The:
" guiding process presents no mechanical difficultf, so long as
the airplane flies horizontally or at a slight angle, but it may

cease to work satisfactorily when the airplané dives vertically.
| It is often in such cases that the dropping of the tank does‘the
most good, since it diminishes the danger of explosion always
presented by a landing on the nose.

Lastly, the tanks and their guides are generally deformed
‘easily,‘because the elements of which they are constructed are
given the minimum dimensions so as to reduce the weight. Hence,
jamming or friction often occur in operation, thus impeding the
correct dropping of the tank after it has ‘been released. Oﬁe
can easily realize the critical situation of an airplane, flying
with a half-dropped tank, the pilot being uncertain whether he
will be able to get rid of it in time to avoid a catastrophg,

In any case, it is necessary to verify carefully, by periodical
inspections, the good functioning of the tank-dropping devices
on airplanes 1n service.. | |

Except for the above reservations, the use of tank-dropping
devices should be made compulsory on military airplanes exposed

to the fire of incendiary bullets. They are recommended for
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transport airplanes whenever their installation is compatible
w1th the general arranéement and with the correct balanolng of
the airplane. However we should not cons1der the dropping of
the tanks as a panacea taking preceaenoe over all other means
for preventing fires. It 1s better, on commercial airplanes,

to place the tanks well away from the engines and to renounce
the possibility of dropping them in flight, rather than to locate
them near the engines in order to facilitate the installation

of a dumping device. Besides, the position of the fuel tanks is
determined by the weight distribufioﬁ;corresponding-to the dif-
ferent load conditions and not by considerations affecting tank-

‘dropping dévices, however important they may be.

Chapter V

Various Precautions

Fire extinguishers.— If fire breaks out in spite of the

measures taken against if, the crew should have means of com-
bafing it and, if poésible, of extlngulshlhb before its progress
reﬁders a catastrophe inevitable. The sooner the crew can inter-
vene, the more efficacious will its action be. Its safety will
often depend on seconds. These new fequirements‘are met by fire
extinguishers and alarms. Stationary extinguishers are the most
powerful and effective., Recent sfatistics show that in at least
two out.of every three cases, their use makes it possible to

stop the fire or delay its pTrogress sufficiently to enable- the
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rescue of the crew and part of the endangered airplanes.

Stationary extinguishers generally use carbon tetrachloride,
which is projected on the fire by means of oompréssed gases.
Tetrachloride vapor is poisonous owing to its phosgene content
and in several cases piloté have been inconvenienced by it in
flight. Its use therefore requires certain piecautions, and ex-—
tinguishers containing it should not be put into inexperienced
hands. Thus, while these extinguishers can be safely used on
military and commercial airplanes, it i; doubtful whether they
should be used, for example, on touring airplanes. The chief
precaution to be taken in this conneqtion consists in verifying
periodically the tightness of the tetrachloride pipes and the
complete absence of leaks. Besides, one must also make sure
that the compressed-gas container, used for the projestions,
retains its pressure well and has a suffiqient reserve of liquid
for all emergencies in flight.

The extinguishing action of tetrachloride increases wheén
it is exerted in a confined space where the ventilation is great-
1y reduced. The most favorable conditions in this respect are |
encountered in an engine oomparﬁment, completely enclosed by a
cowling and separated ffom theﬁéirplane bedy by a gas»tight bulk-
head. Aside from the fact that the tetrachloride then has its

maximum effect, any poiscnous vapors emitted are stopped by the

bulkhead, which protects the crew against thems In order to

confine as closely as possible the space within which the tetra-
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chloride is used, it is also recommended to close the radiator
shutters (if there are any) as soon as the extinguisher enters
into action. ,When the»engine cémpartment is only partly oowled
(as in the case of air-cooled engines), the efficacy of the ex-
tinguishers is greatly reduced, This applies pérticula:ly to
engines without any cdwling at all, as is sometimes the case
with radial engines and the side enéines of some commercial
airplanes. The advantages of this arrangement, as regards in-
spection in flight, easy access and cooling, are thus counter-
balanced by the difficulty of combating a fire, if one breaks oﬁt,
The nozzles of stationary extinguishers are usually located
in the engine compartments close to the carburetois‘and float
chambers. This is generally the most satisfactory arrangement,
since the fire hazard is greatest there, Besides, one should
amake sure, in each case, that the points through which flames are
liable to break forth, are actually those ooveréd by the extin-
guishing jet. On the other hand, the pipes and their dcoesso—
ries should be arranged so as not to be torn off‘or'destroyed'
by any slight injury té the crank case or carburetor caused, for
example, by the breaking of a.connecting rod. Such injuries -
are, in most cases, inevitably followed by violent fires, which
must be immediately-localized to avoid more serious results. The
use of exfinguishers is then of the higﬁest importance'and it
would be most unfortunate, if they failed to work at the moment

when they are most needed.
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Stationary extinguishers-should be operated by a quick-—
acting and readily accessible control. In this respect, cocks
of the quarte;—turn tybe aie satisfactory. Slow—motion_ooqks
may be added if there ié any doubt of the tightness of the‘quar—
ter-turn cocks. These(formér would remain closed on the ground,
to be opened as soon as the engine is started for the take-off.
There should be a stationary extinguisher for each engine com-
partment, with as many nozzles as there are dangerous points to
protect. Besides, large airplanes should also be provided with
hand extinguishers at the rate of at least one for each main
compartment. They should be of some current type, as put on
the market for automobiles. _

Lastly, it should be noted that, although extinguishers can
stop incipient fires, they combat fhe effects rather than the
original causes. So long as the cause is not suppréssed, a fire
may again break out after having béen extingﬁished. - This may
happen. when a fire is Started,by’a jammed intake valve. If the
engine~co£¥inues foiruh; without the trouble being remedied, the
uninterrupted back fires will rekindle the‘conflagration every
time it is éxtingﬁiéhed. A sufficient amnount of>compréssed gas
and extinguishing 1liquid should tberefore be aVailable, not only
to extinguish a first fire but also to stép possible revivals
and give the imperiled pilot‘enough/time to stop the engine and
even to land; This would require a reserve porresponding to

three or four conseécutive ‘extinctions.
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Fire alarms are not as indispensable as fire extinguishers,
but they form a useful auxiliary. They depend on the use of |
compounds which burn or melt at relatively low temperatures,
thereby operating a visible or audible signal, designed to call
the attentiontof the crew to abnormal rises in temperature at
any point of the-airplane. They reveal the trouble as soon as
it occurs and enablé combating it with the least possible delay.

Fire alarms are usually simple and inexpensive.l They should
be used in preference to automatic devices which do not merely
act as alarms, but simultaneously start the extinguishers. Such
devices are rather complicated and heavy and are always expensive.
TheyAmay function inopportunely, thus using up a reserve of tet-
rachloride which may be. needed later. They may cause needless
panics and lastly, they may unnecessarily emit disagreeable
vapors.

Extinguishers,; with and without alarms, have already ren-
~dered valuable service in aviation. Thus, their use is there-
fore compulsory on all commercial airplanes and in general,'on
all aircraft, the crew of which is qualified to take proper care
of them, Beéides, it is highly desirable that a modification in
the refining or in the nature of the extinguishing liquid be
effected, so as to eliminate its pqisonous action. These proper-

ties are the only Treason which can prevent its general adoption.
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Cleanliness and Upkeep

Aeronautical activity is not confined to the building Qf
suitably equipped airplanes provided with efficient fire-
protection devices. It also extends to their maintenance in a
state of absolute cleanliness. In analyzing the reports of in-
vestigations, one ié struck by the high number of oonflagrations?
"the causes of which could have been eliminated by proper caie. :
Thus, -several serious accidents whiéh happened in France in
1926~28, were attributed to imperfeot tightness or stoppage of
carburetor elements, to pipe connections insufficiently tight-
ened in reassembling, to unmounted accessories on the inlet
pipes Whioh had beeﬁ badly reassémbled,.or to inadequate precau-
tions in the handling of inflammable appliances (flaTes, etc.).
| Those Who frequent airports know that when negligent me-
chanics refuel, gasoline flows from the refueling hose or the
filling hole. In the first place these overflows'cause an ex-
pensive waste of fuel., Besides, they may damage the portions
of the airpléne which they touche. The chief danger; however,
results from the fact that fuel gets inside the coWling where it
creates a permanent fire hazard. This is evidenced by the burn-
ing of an airplane in 1937 during the lichelin Cu§ race, as a
result of careless refueling.

Likewise, the érank case and accessories of certain engines

lose their tightness for want of proper maintenance and let the
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lubricant ooze or sprinkle on tﬁe neighboring portions of the
wing or fuselage. Such leakages form long trains which may
propagate‘the fire far from its origiﬁ. The spongy state of
the fuel or oil of these trains increases their inflammability.
We should not omit to recall, iﬁ this connection, the two
or three fireg per month Whiéh occurred in military aviation
in 1925-26, on the ground, while starting the engines. In moét
oéses, these fires had no serious consequences and were extiﬁ—
guished either by the crew oT by the safety service of the air-
port. ‘They have, however, a great indicative value.  They can-
not be attriduted to any fault of the materiel, since the fires
broke out at the take—off, i.e., immediately after the nateriel -
should have been inspected and carefuily overhauled; It must
therefore be assumed that fuel or oil trains 1eft-in the engine
cowling, rendered the air about the airplahe highly inflammable,
. Under such conditions, the slightest back fire, quite natural
on a cold engine, Wouldvsfart a conflagration. It ig most for-
tunéte that these fires occurred on the ground where powerful
means of combating thém were available., These facts éhow the
importénce of keeping airplanes in a state of perfeét cleanli-
nesse It is certainly possible to avoid any gonsiderable oil
leakage on engines, even after long flights. Thus, Lindbergh's
airplane, at the end of its transatlantic flight, impressed all
who saw it by the cleanliness of its engine and by the almost

perfect oil tightness it tevealed.
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In this connection, attention is called to the methodical
cleaning required by certain American air traffic companies for
maintaining cleaﬁliness on their airplanes. Every week a clean-
ing is made with a jet of air, compressed at about 4 kg/cm?
(56.9 1b./sq.ine. ). This jet drives either kerosene or a mixture
of 50% paraffin and 50% gasoline. Arter each flight, or at
least every week, the wings are cleaned with scapy water (about
20 grams of soap per liter of water), followed by rinsing with
Watef. Lastly, the fuselage is cleaned by a jet of alr, com-
»pressed at 4 kg/cm?. The general adoption of such thorough
methods of cleaning would doubtless greatly increase the comfort
and the safety against fire., In any case there is room for much
improvement, "but abveritable campalgn would héve to be under-

taken in order to convince every one of its necessity.
Conclusions

General considerations and examples.— Two examples will

show how fire spreads on airplanes and how the means to combat
it are used. These examples date back several years, to a time
when precautions were not so complete and strict as now. They
ére.all the more interesting to examine on that account.

On February 16, 1935, the pilot of a single-seater, flying
at an altitude of 1500 m (4900 ft.); saw flames bursting forth
from the left side of the engine compartment. The fire was due‘

to the rupture of a connecting rod which staved in the crank



N.A.C.,A. Technical Memorandum No.. 537 ‘ ’ 39

case. The o0il spread inside the cowling and caught fire.,. The
pilot immediately operated the stationary fire extinguisher.
Unfortunately, the cock.was not‘readily accessible and required
several turns to get it wide open. Time elapsed and the fire
spread. As there is no fire wall, the flames first reached the
tank and even the pilot, who was slightly burned. He immedi-
ately dropped the tank, which was already marked by the fire.
The flames now attacked the fuselage. The actibn of the fire
extinguishér, however, became manifest. Besides, the pilot, in
dropping the tank, deprived the fire of its most dangerous aily.
The flames grddually subsided and disappeared. When the airplane
reached the ground, the fire was completely eitinguished. Un-
fortunately, the landing was very rough and the pilot was found
dead in his cockpit by those who ran to his aid. His burns,
though only slight, the poisonous vapors which he may have
breathed (since no bulkhéad prevented them from reaching the
fuselage), and.finally the quick succession of events probably
left him no time to make the straightening maneuver which might
have saved him., This accident demonstrated the effioaoy of fire
extinguishers and of dropping the tank, the importence of the -
easy accessibility and quick operation of the fire extinguishers
and the need of fireproof bulkheads..

The second example is that of a fire which occurred March
24, 1926. The flight started under normal conditions, but clap—

" ping sounds coming from the inlet side were soon heard, and al-
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most immediately flames burst forth from the engine compartment.
The clapping sounds revealed carburetor troubles due to irregu-
lar fuel supply (Thefe‘was a leak in the joint of the fuel pipe
leading to the carburetor) and perhaps to an abnormal air in-
take (The air shutter of the carburetor was missing, and the
holes for the shutter spindles Temained open). Bad carburetion
caused back-firing. But, since the air inlet pipe of the car-
buretor opened outside the fuselage, these back fires should
have been harmless. Unfortunately, the flames found passage
through the holes left open by the missing shutter. They pene-
trated into the engine compartment. On the other hand, the leak-
age from the fuel pipe carburetor connection, close by, supplied
the fuel for the flames. Fire broke out. The pilot immediately
operated the extinguisher.‘ At the same time he closed the radi-
ator shutters, which increased the efficacy of the tetiachloride.
He thus succeeded in mastering the fire, and the flames weré ex—'
tinguished. But, although the extinguisher suppressed the im-
mediate effect of the conflagration, it was unable to. eliminate
the original causes ﬂfuel,leakage and penetration of air) which
still persisted. The fire revived and the flames again burst
forth. from the engine cowling. In the meantime, the menaced
pilot dbrought his airplane to the ground and succeeded in land-
ing Without accident. Scarcely had he left the cockpit with his
observer, when the whole airplane was a mass of flames. This

accident illustrated the serious consequences of bad maintenance
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of the carburetor accessories and fuel pipes, the necessity for
absolute tighfness of the air inlet pipes and the efficacy of
fire extinguishers, requifing, however, a sufficient amount of
tetréohloride to stop several consecutive fires in the course of
the same flight.

The analysis of these accidents confirms, in a conorete»way,
the general conclusions of the present report, which may be sum-
marized as follows: There ig and can be no absolutely reliable
means of preventing airplane fires.. Even the substitution of so-
called safety fuels or heavy oil for gasoiine,_in spité of the
undeniable advantages which they would offer from the viewpoint
of safety, would still leave ceftain risks, which could be over-
come only by special precautions. There is,a great variety of
possible causes of fires and of the conditions under which they
spréad, as also of the correspending preoautions.‘ None of thém
should be neglected, Also, no precaﬁtion should be exalted to
thelprejudice of others, since it will be possible to achieve
éctual safety only by combining their effects.

During the last three years considerable effort has been
made in France to reduce fire hazards. The consequences are
now becoming manifest. Cut of a total number of 183 accidents,
‘recorded by the Bureau Veritas in 1936, there were 14 fires
(7.8%), while this proportion decreased in 1937 to 6 out of 206
(3%). Of course, this decrease in the percentage will have to

be maintained for several years beforé it can be considered per-
()
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manent. We may look forward with optimism, however, since pre-
cautions do not usually become fully effective for some time af-

ter they have been adopted.
Program of Investigation and Research

In any case, the efforts should be continued and intensi-
fied. The program to be‘followed has been difeotly derived from.
the considerations of the preceding chapters snd takes the fol-
lowing form:

1. Tests and regulations which may take immediate effect:

Improvement of the tightness~bf'the.aireinlet pipes up to
the point where they bpen-outsidé the fuselage.

Improvement of the fuel and flame tightness of the fire
walls; rapid elimination of airplanes not provided with.complete
fire walls.

General adoptioh of stationary fire extinguishers on all
airplanes, the crews of Which have adequate means for their main-
tenance.

. Gradual elimination of rubber connections for fuel and oil
pipes; substitution of metal joints wherever speciél elasticity
is not required; methodical reduction of the number of joints,
wherever their presénoe is not indispensable.

General adoption of fire-prevention devices and of protect-
ive casings for ignition wires.

Revision and improvement, from the viewpoint of fire preven-
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tion, of the existing installations for heating the intake air
and the carburetors. |

Revision and improvement of the conditions under which fuel
tanks have to withstand horizontal and vertical stresses in
flight.

Campaign by regulations and posters, showing the paraﬁount
necessity of careful maintenance and absoluté,cleanliness on

airplanes.

3. Investigations, to be undertoken or continued, likely

to give results shortly: |

Improvement of exhaust pipes, mufflers and fire screens now
in use; methodical study of the cooling conditions of these de- .
vices and investigations for the purpose of eliminating danger-
ous hot spnots; drafting of test regulations in order to deter-
mine whether the devices presented meet the safety requirements
in this respect.

Improvement of the present conditions of construction and
acceptance of fuel and oil tanks, especiclly as regards the test
pressure, the-resistance of attachment fittiigs to normal stresées
stresses,/gﬁikhead83 the resistance of tanks and their fittings
to horizontal impacts.

Design and construction of joints for fuel and oil pipés
td satisfy the regulations of the new S.T.I.Aé. competition.

Design and testing of stuffing‘boxes and joints for the
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tight passage of controls and pipes through the fire wall.
Design and testing, from the viewpoint of fire prevention,

of standard devices for heating the intake air and carburetors.

3. Extensive investigations to be undertaken or continued:

Ex@erimentation and research concerning the possibilities
and conditions of using safety fuels on aviation engines.

Experimentatioﬁ and research conoerning heavy-o0il aviation
engines.

Methodical investigation of the ignition conditions of gas-
oline, safety fuels and heavy oils as regards hot spots, sparks,
incandescent coke, etc.; variations of these conditions as a
functiom of pressure and temperature.

Investigations regarding thé production:and use of nonpoi-

sonous extinguisher liquids.

Systematic tests dealing with the resistance and tightness
of fuel and oil pipes to Tepeated vibrations, surging and im-
pacts due to 1anding on the nose; expéfimental determination of
the accelerations set up in this case; study of the influence
exerted by the nﬁmber, distributioﬂ and resistance of bulkheads
on the general resistance of the tank to impacts; design of
tanks oépable of withstanding the impacts (special devices for
the tank and its attachment fittings; relative weight and space

requirements).

Investigations regarding the best location of tanks on air-
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planes. Possible design of a tTuss or .cage, capable of partially
protecting the engine, the fire wall and the tanks against direct
impacts following landings on the nose; design of a fire wall

capable of withstanding the above impacts.

This program is very extensive, but is justified by the
value of the human lives and of the property to be'protected.
The investigations and researches-mentioned in each paragraph
have been, when possible, arranged in the order of their impor-
tance., The measures outlined in.the first paragraph will enable
an .almost immediate improvément in safety conditions. Thelr
adoption will depend chiefiy on the attitude of the designers
and users of airplanes. On the completion of an airplane, both

should see that the necessary prebautions are applied. Besides,

they should periodically meke sure that these precautions have

not been impaired in service and still retain all their original
efficacy.

One of the objects of the present treatise will be accom-
ﬁlished if it succeeds in convinoing soﬁe designers and pildts
of the fundamental importance of these points. The studies and
investigations conteﬁplated by the rest of the program are phief—
ly in the province of technical services and laboratories. They
will require time, and their results will be manifest only after
a long time. This fact, however, will only improve their effi-

cacy. Several of these investigations are now being made (chief-
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1y at the S.T.I.A€.) and are nearing successful completion. It
is hoped that the present treatise, in specifying the numerous
elements of the fire-prevention pfoblem; will help to render its
solution more rapid and complete.

Translation by

National Advisory Committee
for Aeronautics.
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