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PLOPOSED CRITERIA FOR EVALUATION OF FIRE HAZARDS
IR AIRCRAFT PCWERFLANT FRCH ROT ENCGINE SURFACES

, John P, Marcy

There exists 8 need for establishing 2 maxiowm allowable surface temperature
inside a powecrplant, where it may ba possible for flsmmable fluids to come
into contact with hot surfaces, The function of igolating the hot surfaces
at the burner sectlon from other sections of the erngine is normally accom-
plished effectively by the use of firewalls. However, because ofZspace lim-
itations, imposed as in certain past helicopter engine design, this may vot
bs possible. In such installations, part of the hot section forward of the
burner csns with temperatures congsiderably above 400CT may remain included
within the compressor section and, es a rvesult, constitute a possible fire
hazard., The following observations and recowmendations represent an attempt
to relate known flarmability data to an analysis of the mechanism of hot
surface ignition specific to jet englne application.

For waximum safety, it may be desirable to limit the maximum hot surface
temperature of the enzine to the autogenous temperature (also spontaneous
ignition tempersture or S, I. T.) of the flexmable mixture with which 1t mry
come Into contact, For kerosene fu2ls aznd oils, this temperalure approaches
40007, However, due to certain design limitations, it may not ba possible

to limit the maximum temperature to such a low figure in an actual engina
installation., A study of the factors affecting hot surface ignition indi-
cates that it may be possible to operate safely at higher surface temper-
ature, Temperature for hot surface ignition is dependent essentially on lag
time or time of contact between the ignition source and the surrounding wix-
ture, which in practice is difficult to mcasure., Decrease in time with ine
crease in texperature is caused not only by external alrflow, but also by

ely circulation caused by convection air currents arising from the surface of
the heated body, Kerosene fuels end oils vhich igpite at S. I, T, (1) temper-
ature of ebout 4500F require a hot surface temperature in excess of SOQCF
when ignited on a heated plate in the open atmosphere, The low S, I, T,
temperatures are oaly obtzinable under ideal stagnant airflow conditions of
uniform heating surrounding the flammable mixture. This condition is mever
reached fn sn actual engine installation, The temperature of the mixture
inside the enclosure would always be lower than that of the hot surface, the
temperature difference depending on both the rate that ?%gt is supplied to

the mixture and its degree of confinement, Zabeteskils has investigated
the problem of hot surface ignitions which should be applicable to the air- |
craft powerplant, Ignltion hazards occurring from the hot walls of fuel tanks
subjected to asrodynamnic heating were determined, The test data show that
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the factor determining ignition is not so ruch the hot surface temperature
ag it is thes heat capacity or rate at which heat is supplied to the fuel/
aiy mixture contained in the tank. For example, for bot suzface ignitien

to occcur inside a tank uvniformly heated on 21l sides at different ratea, 1t
was found that although the tewperatures of the wallg were higher with the
higher rate of heating as expected, the flamxable mixture did not ignite
until it recached a temperature appreozimately equal to that of the S, I. T.
temperature. For & range of hot surface ignition temperatures from 728°F

to 520°F, the ignition temperature of the JP4/ air mizture itself renains
practically constant between 420°F and 450°F. Even at BB859F surface temper-
aturs, the coyregponding ignition temperature of the mixture is only 5207F,
These data show that within the rapge of hot surface temperatures of &4CO°F
'to 90007, the important factor is capacity rnd degree of confinement of the
heat source. Thege two factors determine the alr temperature attained by
the flammable mixture. This suggests & wethod of detormivning the safe hot
surface ceonditions below S00CF by measuriegz the texperature of the alr some
distance (protected from vadiation and airflow) eway froa the hested surfuc?
and limiting thls temperature so that it does not excead 400°F, Zabetakis 3)
has shown in other data the effect of lag time on temperature for hot surface
fgnition vihen the surface 1s subjected to externsl airflow as distinggishod
from air circulation due to convection currents as ebove. In these tests,
the hot surfaca consisted of the interior of a heated pipe 2.0 inches in
diameter end 3 feet long, though which JP4 fuel and pre-heated alr were fu-
jected at velocities of O to 30 feet per second, The hot surfsce ignition
temperature is shown to increase rapidly from 450°F to 1220°F asg alrflow 1s
increased from 0 to 15 feet per eecond, For airflows of 1.0, 2.0, 4.0, and
7.0 fest per socond, the corresponding suzxfnce ignition temperatures are 700,
800, 900, end 1000°F. These figures are conservative, since the test data
are for airflow already pre~heated, which would pnot be the case for second-
ary airflew, The date show that in & powerplant with stralight-through air-
flow (no firewall), as in certain types of high performance aircraft, the
high air velocities would permit higher operating surface temperatures of
the engine,

Bazed on the analysis of available {gnition data, the following recommen-
dations are presented for consideration end action to reduce fire hazards
from bot surface ignitiont

1. 1Iopcrease the alrflow over hot surfaces, especially if these surfaces
are shielded or confiped,

2. Insulate or enclose hot surfacesto prevent theit contact with
flammable fluids.

3. Measure the ailr temperature surrcunding the hotteat part of the eugine
(below 900°F), 1f the maximm air temperature inside the enclosure is lesas
than 400°F, no fire hazard should be possible from hot surface {gnitiom.

Sona experimentation with this method will be needed, in order to establish
more confidence in the test wethods.
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