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INTRODUCTION

The spontancous ignition temperature of combustible fluids has been of
great interect to the aireraft industry for a number of Years now because
of the fire hazard associated with operation of alrcraft power plants,
Tus primary concern is the accidental or inadvertent spillage of cone
bustible fluids from eny eystem onto hot engine surfaces or other hot

surfaces under any aircraft oporating conditions.

A proeliminary literature survey reveeled difforences in teoting techniques
and opent-ieous igaltion temperatures; therefore, a mere thorcuch literas
ture survey wog conducted in order to obtein a more complete picture of
the problciie This report represents a canpilation of information, tast
proc.duras, and results obtalned from the references (Pege 11 ) surveyed.
Acditlonal refercncos were surveyed but are not included in the listing
{or ono reason or enother. )

This ourvey was initlated in order to obtain a more complete overull
pictuce of the problan of spontoncots ignitlon of cambustiblo fluids and
oo turther aild in minimizing the potentisl fire hazurds that may exist
in present or future aircraft decigrs.

There 1c no intent modo to criticize the verious test procedures, but
acrcly to present the data obtained in each case for the benefit of the
reader and to arrive at some general. conclusions.
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INSCRIPTION OF TREST FROCEINIREG

1. The vorious test procedures utilized cen be Uivided into two main growps:
(1) Controlled laboratory procedure ond (2) 8Simulated aircraft procedure.
Ly controlled loaboratory procedure, it io meant that the test epporatus
ic of a specific type, with specific equipment, well defined conditions,
ctec. The simulated aircraft procedure attempts to simulate a condition
that could be eucountered in an aircraft such ‘as a heated duct, a duct with
an internally heated plate or a heated pi}m. e various téchniques invese
tigated would be divided as followas ) , : ‘

Controlled Lob. Procedure . Bimulated Alrcraft Procbdur'o

(1) A.8.7M. = (D286-30) (1) CiA.A. = Duct with internelly
. - heated 8.5. plate
52} NACA - Modified A.5.T7.M. éag Bur. of Mines - Heated SeS. pipe
3) P& W=~ A.S.T.M. (D286«30) 3) Douglas Alrc. = Heated motol plote
with shicld

Bur. of Mines~-Laboratory C.A.A. » Cylindrical chanber

éhg P& W e Modified A8.T.M. 2&; P & W » Heated stcol plate (sz.:;-s,ou)
6) NACA « Bomb type test ‘

2, Toe following brief description of each test procadum will sexrve to clarify
the aituation for the reoders

(a) Simuluimd Mrcraft Proé’edurea /

(1) C.A.A. Procedure - utilizcd a 1 16" x 4" x 8" ota.in.lcss s.,cel
hcated plate, with the 1/16" x 4" edge facing upstrean, locoted
in an air choamber. For verylng olr flow veloclity conditions tlie
combusztible fiulds were discharged from a opray nozzle and then
made contact with the heated plate. For stetic conditions, the
fluids were discharged abcve the heated plate and odllowed to
foll on the plate. The size of the air chamber is unknown.

(2) Burcau of Mines Procedure = utilized a 2" diameter heated stain-
. " lese osteel pipe, three feet long. Combustible vapor-air nmixturcs
in the pipe were checkod uvnder static end verylng velacity condi-

tiona.

(3) Dowglon Mrernft Conprny Irocednre = utilized a heated metad plote
To BLmlate Lhe ourioce ol an ¢ 1sine.  TFor the static condition,
the combustible fluids weie dropped, powred, sprayed ond squivied
onto the heated plate. Urder edr flow conditions, a ghicld wis
nioced above the heated plate zaad odr of knowil velocity passced
thirourh the spoce in whicl spontancous ignition occuwrred. Tk
dircnsions of the sbove plete cad flow chamber are uniiowh.




‘ e NO¥Y A ] R . PAox 3
LA AR S S 3 D 3 ABIVISton or crwrear pynaurcy conrontrinn - REPORT NO. ZK=-021
CHiaLD BY SAN DiRaS . MODEL
HUVISED BY . , .| DATE lelle57

\

| IEScrIprION OF_TEST FROCETURES (Cont'd.) : * f

7 1 :
(8) Pratt o Whitney Mroraft Procodurg . utilized @ steel plate 7
(R5=5508) that was heatod 1n 8 furnace until o temporature
of 100°F above the degired tanperature wog obtained. The rlate

wua then removed frem the furnace and the temperature allowed
to drop withiy 10°F of the desired test tewperature, The cae '

Mlate, Statte tests only were conducted, The dimensions of the
stcel plate aro .

(5) c.h.aA. Crlindricnl Chenmbor Procedure « utilized an 8.5 cudie r¢,
cylindrical chombor having an 107 diozetor stainlesg steel panel
4t one end and a Vapor-proof poaper blowout panel ut the other end.
1he stnilnleas steel pancl wag heoted oxternally by an o1} burnsyr
Wtil 1gnition of the fuel-air mixture 1, the chambvar ogeurped,
e vapor-aiy mixtures vere hold at 180°F and 200°y,

!

i !

; (3)  Controlleq Laboratory Frocedures
f

t

| (1) r.a,m.m, 23030 Procedure -~ ut{lizeq g 125 mill1liter nyrex

; irlenioyor flank Bupported in a molten metal bath (soldor op

! other low-melting alloy) contained within a crucibla. jlcat {s

; &pplied only to the botton of the crucible by means of i cas
burner. A cylindrical, asbestog metel-lined shiclq approxinntely
13" in &enetep 18 providod to protect the solder vath fram
dralte. A Plpette 18 uscg for delivoring drops of fluig into

the flagk. e surface 40 volume ratio of the Tlask 13 1:3.

() uvaca Modified A,S.7.M, Procedure - utilized a 125 nilltiiter
YLarbz irlerncyer flogs resting on the bottan of a 2-5/8" dingae
ter by 3¢ docp hole dArilleq axially into a solig 8" Mnmetor by
5=1/k" deop Inconel black, Tho block waa blcctricall\y heateg
tround the §v dlocter of the block. Zpontancous 1redtion
Leuperatures were deternitned by raisine the temporatwe or the

vlock and veriodicnlly dropping & few di*'opa of' the conbuatible

into the flogk witil igaltion wag obaerved,

\ (3) r:u Modified A.c, oM, Froceduro - this pProcedure was sindlope
Lo A.S T, D2EO=30 except for 8ize und natorial of the hooting
Lath, size of tho ignition flaslk wnd method of heating. A 25
Instead of a 125 millilitep Erlemeyer flag): wos placed in o
lrege crucible filled vith a molten low melting alloy to within
3/4" frou the top of the flask. Ieat w28 opplied t0 both the
tobion and wall of the erucible whorcag ABLn, BLipnIntes
totten neatipg: only. Wien tho temtiag temperature o atindp i,
the heat wng roioved g approxdiin: tely four drona of Swando Tints
woore ploesd 4n the Tlask by uge of 8 pilictte. he temporatune
S renentedly dromped 25°0 ang the teat continued winli no
cuto=-1:mition reoulted ol the ninimga temnerature obtolped wig
£oeordad aa the apontonecus ignition tomperature.
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CESCRIPTION OF TEST PROCEDURES (Cont'd.)

(B) P & W=~ A8, T.M. D286-70 Prozcdure = utilized the AB.T. M,
procedure a8 stipulated and s described avove.

(5) Dureou of Mines ILnborntory Piosciure = This procedure knovn
03 1-0 conslats of & conmercial 1:00-watt olectric crucible

' furnace with a verticsl, aylindrical well 5" in dlameter and

: 5" in depth. Two auxiliary heaters, one at the noeck of tho
200 cc. pyrox glass Erlemmeyor flask and tho second undoer the
bottom of the flask, wers added to the repular hooter which

. enciraled the 5" dlameter wall., These heaters were added in
order t0 eliminate & temporature differentiol along the oxis
of tho test flask., After the desired flesk temperature was
obtainad, the combustible fluids were introduced into the
flask by moons of a 0.25 or 1.0 milliliter hypodermie syringe.
The minbmun daaition temmepature waa dotemiined with a glven
ausntity of sample. Larger and smaller volumes were then
tried in order to determine the eritical valume which clves
the lowest spontancous ijgnitican temperature.

(6) 1.A.C.A. - Bomb Type Test Procedure - A eylindrical cnst iron

‘ baoub or casing which had a 10-1/2" inside dlameter and en
18" depth was utilized for containing the 125 ce. Erlerncyer
pyrex flesk used as the dgnition chember. A glass=fibur
inguloted heating montle which covered the outside of the
rlesk was used &s the hoat source. Filtered aly was supplied
to the dbaab at two pointis end the procoure within the bead
messured by a gage. The fuel line entered the cylicdoer near
the top end discharged fuel through s 0.052 inch (I.D.) linc
about one 1nch above the flaogk mouth. An exhaust velve ond
rupture disk were locatied in the removable cover of the boub.
Two observatlon ports dimmetrically opposite were located in
the bomb woll. Miniamn ignition temporatures were cnsued by
injecting the fuel in s nolid strema ond by varying the armount
injected. Stabilization of temperature and air pressure wob
rermuitted prior to injecuing the fuel. . .
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RoOL

RS AND _DISCUSSION

1.

2.

-

o minimua spontaneous ignition temperatu’o of a combustidle fluid in oir
dopends on o number of parancters. Thoae e od follows: (o) prosoure,

(b) the nature of the contacting or 1;nitiag swrface, (c) the combuntible
fluid to air or oxygen ratio, (d) the surface to volume ratio of the ignition
veescl or chanber, (e) the movement of the coubustible mixture relative to

the sirface, (£) the time allowed for spontanoous ignition to occur and
(g) the temperature of the surfece.

A camprrison of the spontancous ignition tcmperatures obtaincd for various
alreruft combuatible fluids which have been tcstod by more than onc test
procedure are shown grophically in Figure 1 (a) end 1 (b). These figurcs
arc proctically self-cxplenatory, however, two peints that might peed
clarification are as follows:

(a) For the Pi&W hot plate test, the use of the words spray, stream and
drops refera to the method used in bringing the combustible fluids in
contact with the hot plate; :

(v) For the Bureau of Mincs test, the use of Mg, Al, and Py refers to the
£lask material utilized in the test, and which respectively are
Magneoium, Aluminum and PyreX.

The above informotion wos included in the figures in order to show the
offect of material and testing techolque on the spontuncous ignition tenperas-
ture, \ .

It wiil be noticed by tho recder thot Jp-5 fuel is not included in Figure
1 (a). From all the refcrences investigated, the only data that. could be
Pound wae that gilven in Reference 12, Since no comparison could be made,
“his data was plotted sopurately in Figure L,

A commoarioeon of the spontancous 1gn ltion tcmmeroatwres for Jp-4 fuel under
varying alrylow velocity conditions ag tested by sovercl fnvesbistore, 1s
chown in Figure 2. Only two poipts were avellsble from the Dourins detd

¢’ feference %, however, from the éppearunce of the C.AA. ond Parceu of
linas curves, it appears thot tha Iougles hot plate teahnique would result
rn o curve ©alling between thesc tvo. The sharper drop in soontonaous
irnition temperaturo at zero elrspeed for the Durceu of Mimes curve is due
to the usa of dato from the laYoratory static test procedure instead of he
pipe procedure. f%he static ignition temperature with the hot pipe procedure
war not evalusted. :

e curves ore offset from ooch othier but the generel offect of afreponl om
conbonecus irnition tanperature of JP-h Ducl is evideat in tlhat the caurved
Sopnen oub with inercasing alrapead, thorebdy resulting in & deercased
~crcet on the spontoncous ipnltlion tomperature.

ol ek aavea TS
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RESULTS AUD DISCUSSION (Comt'd.)

b, ¥or combustible hydrocarbon fuels » the lower boiling hydrocarbons have
higher self-ignition tcmporatures: ‘

éa? MIL~F=-5624A (JP~4) 10% Point 191° F. Min.
b) HIL~F=5572 100/1302 10% Point  167° F. Min.
(e) MIL~P=5572 (115/1h5) 10% Point 3167 P. Min.
d) MIL-F=50616 JP-I; 10% Point  327° F. Min.
(¢y MIL~-F-5624 (JP-3 105 Point  116° P. Min.

This is evident from the rcsults shosm in Figure 1 (a) beesuse in comparing

the conbustible fuels there 18 a definite inerease in the spontoncous
i:mition temperature when checked ugrinst the 10% boiling points chown

cDhIVQe

5. Mrua Flgure 1 (2) end X (b), a comparison of the spontoneous i nition
Lranerstures potween those obtnined oy coatrolled laborutory procedures
rnd those obtuined by cimulated afrcraft procedurcs Indicates that higher

Lemperatures were obtained with the latter techniques. Based on the vorious
pacaciere mentioned in paragruph onz above, this would eppeur to be expecte

vde The corplete physical characterlstics of the simuloted alrceroft
procodure cetups are wot known but tac differcnces in the resulte obtedned
Leween thea could undoubtedly be attributed to variations encountoered in

1hse parau.chtero.

6. ra lateresting fact brousht out in Raference 1, 1s the relationship of
tnjuctlon pressure of e candustible fiuld with reapeet o the snout-noous
iunltion taroerature in o chamber having a pressure of one atmogrhicre.

Aa HLO=54-0%0 cowcreinl hydroulic £luld was injJeeted with o Diescl injeator

6 prosgures betrren O end MO0 psip. ot a dletance of 4 inches from & hoo
Coteosurivaer, AR O Ingoction preco wre the svontoncous ipnitlion Lo e -
are veg (6% ¥y, ot 500 psig. the igaltion teaperature was L72° L ocmd frus
79 »3ige ur to 4800 poig. thoe isnitlon tenpernture rovedned constoob ot
BRI e gtatouwent is mede that 3lndlar effects were noted witl, ouhors
fucls, however, MII~0-5G00 hydroulic oil ald aot exhibii thic oflect undor
ldontical teost conditlons, ’

. Tar offect of decrcasing pressure alime on tho aponrttancous Llonition
wrperitwree 1o adequately denonstratad by o test conducheod on JPeh el
wnave stalle conditlons by the Burcai of Mincs Lahoratory controllcd proe-
corlice. Al -le gtmosvhere prassure the isonttion temperciure wos 440 I,
wiide o Lo csphorice presgur: thy ignition temporsture increcsed Lo
Tt e e /b atiosplisric presenre 1s oquivolont 40 355,000 Low wliitie

fooxr 3, widch wag takon from Referonce 1, grapideally represonts this
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RESULTS AID DISCUSSION (Cont'd.)

8. Tho effoot of incrossing pressure on tho spontancous ignition of JP-4 and
JP=5 Luol us etatically tastod by NACA 4n Refoerence 4, 18 shown in Figure
4. As the pressure was increcsed from 3. to 9 atmosaphoras, the ignition
tammercture for JP-4 dropped from 522° ¥. to 410° F. while for JP~5 it
dropped from 477° ¥. to 403° F. 1In addition, 1t wos found that for similar
quintities of fuel charges, injected into the flask in which spontanoous
ionition occurrcd, the ignition lag ©ime deercased with inercaning pressure.

9« In tho cacce of flowing vapor-sir mixtures » shortor contuct times are
involved in which o mixture i{m in coatact with o heated surfoce » therefore,
bigler temperutures are roquired for spcutanecus iganition, then are ree
cuired for static mixturcs. fal :

10, Iroxn o revicw of all the data surveyed, the lowest spontoncoun: ignition
teanaratures vere obtulned when liquid fucls were introduced into hected
contidners (controlled laboratory procedures). A simllor effeet wog noted
i the sbmleted uwireraft procedure teste when commaring P & W dota of
Rulfercaec 9 vnd CAA data of References 2 end 10. The Dureou of Mincs :
cutu in Keference 1, however, did nct show any vorrclation in this rcopcet.

A _ ,
11l. The cffect on spontuneous ignition temperatures of the nmaterial utilized
for the corbustion flacks in the controllcd leboratory procedure teocts 1s
evident fros the dota glven in Reference X, in/Which pyrex, olwidnua and
megnesdun flesis were used under cirdloar test conditions. Pyrci and
alucinum (nve coaparsble, slightly higher aad slichtly lower toemperaturcs
I Ligerchan: nably, whercas, magnesium consistently gave higher spontancous

inition tc.merutures.

12, 01 Figures 1 (o) ond 1 (b) M dongtoag teapernture line of 700* ‘F. hoo toen
drivme GG Mae repreoents the U.S.AWF. (U.I,AD. == Voluwiwe I) hot curface
woidoum Lesoerature lindt for all shrouds and firewalls utlilized to prouect
all alreralt comonents, equipment and siructwe that mlght be critically
affccted by fires occurring in or around the engine. This 700° F. limit
corv.spordn to the lowest spontancous ignition terperature for oil or fuel
s teoted by W.ALDLC.

" Lie The U 8. Tavy Spocification §D-24-G, Revision Nov. 30, 1954, titled
"0enoral Speelfication for the Design end Construction of Arplanes for
the U 3. imvy" does not call out such a temperature limit and ncithor
¢o.o the Z.ALA. in their repuwlotiorn. The U. S. bavy specificotlon does
reterente the AJILA. "Deslgn Manual on Alreroft Flre Protcction for

o Fauciproe ting wid Cos--Turbine Encine Inctalletlons™ ia which o linit of

' L Fe ia plven for reclproenting engine: exhrust shroudc but none for
croosuebbar tuewiddetionse The pas turblrne choptor do:s ternerully monbdlon
tien denl o oconalderations are $o be taken ilnto account with regurd to
veoonbanens Lpnltion temporature of combustible flulds.




PAGE

e NV Al R
FRCFANED BY A BIVISION OF ENERAL BYNANICH CORPUNATION REFORT N©. ZX=021
CHICKED BY SAN DIKAY MODEL
REVISED 6y - DATE l-n-S'T
LLSULYS AND DISCUSSION (Cont'd. )
. . ' e , . ’
14,  Cowparing the U.8.A.F. T00° F linit wvith the survey rcsults oblained on

Figure 1 (a) and 1 (b), it oan be seen thot six out of the eight combustible
flulds hd cpontaneous ignition temporaturcs above TOO’F whem teoted under
slauwlated alreraft procedures. The two Lfluldp that had lowvaer tomporature
were JP-1 fuel and NIL-0-5606 hydraulic fluid, Unfortunatoly, only one
clmuleted aircraft procedure test wnos gonducted on these two £lulds , tlareforde,
no correlation cnn be made. Undexr laborutory eontrolled test procedurcs ,
Four of the flulds, namely, JP-L, JP-3, JP-4 and MIL=0-5606 hydruulic fluid,
had apoatuncous ignitlon temperatures below 700? F while MIL=L=7H08 lube oll
end MIL=0-60d1 (Grade 10LO lube ofl) had values slightly abova 700° F. |
Crude 100/130 and 115/156 gnsoline had .@ulu%n,, well In éxccos of the 700° ¥
figure. ' : ‘

[

"
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L.

~
i
LR

o )

The hipgher the altltude of on aircraft, the highor 1s the spontaneous
icnitdon tumpernture of a combuctlvle Iluid bacause of the reduction in
athonpherie prossures In conjunction with this, Inerossing the coolinyg or
ventilating air flow velocity acroos any hot surface that is o potentinl
i¢nition source also ratscs the spontanecous ignition temperuture. Undor
tiicoe two conditions, the alreraft fire hazardn from spontaneouc 1gmition
of combustible fluids decrcasas and the safcty of the airplane increacces.

Converscly, pressuro arens greater than wibient atmospherie presscure in
w1 ‘aleernft wvill tond to doereuge the spontancous lgnition tomperatura.
n n:lcﬁtion, the sume effect con be encountercd by decreasing the surl-ce
to volune ratlo of the ignition chamber and/or incrensing the pereent of
0¥ din the fucle-air mixture from the 20) found in air to 100%.

Yo spontonecus {gnition tempernture of combustible fuels wus found to
decrange shorply as tie pregsuce ob which Limdtion wag made to occur wis
rafoed L£row one to three or four atuoppheres. At higher pressures very
Lisele chrage din dgnition tamperatuwre took place.

Ve differcence in the spontancous lgnitlon temperanture of two fucls ot o
Llov presswe eannot be used for estduating the respoetive syonteneous
fidtion tlareratures ot hicher pressures, beesuse alftercacen s greatly
reduced when tne pressure in which ignition is made to vecur is roised.

[. Jemn or rich combustible fluld to alr mizture will sive higher sroat.icous
lrndtion teupoeaturen above that obtained with a nixture siving Lhe ndaimm
Greoentnesas ignitlon temperatuce. The smae ig true where swaller or lovior
VoIwies tucn the so-culled eritical volume of o combustible Cluld ic uzad.

aie Bime lig for spontaneous i:nition of any combustible fluid is not »n
it ondo e warelable in teoting.  For a given combustible, the iime lag;
luer o Ghe touserature of 4 surfroc decreases.  The tine log ot the
siarmmt Losovaesws Loodtdon tesperature vasies videly for varlous typos
wu commbuneinle Lluid.

For similar corbustbible fluid quantitica » the ignition time lag decreares
ULl lnervasing presiare. .

oo ehe soontaneous lpndtlon tests conducterd to date, it eppears thnt o
sroustible fluid lenk in an eireraft that 1o cither n driv or ¢ soldd sl ue
Vol ve rore doovermns from o fire hazami standpetint than o eak that ig In
Lhoe forie o8 o fine spery. A bl pressace spray over 300 ysig., however,
conla merl L dn Ih belvg Juosh as dangorous, or moxa #5, than a drip or ~oli.

TR IR
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7

The 7000000 Thah o0 T00° F antears to be o rrocilent one vaco coivoes”
the spontaneous gnieicn taperatiras obLalrad with 4 plimiehe ' (e i
precadura ©otie Lol blishiug v lover Liwit on She baris ol ooobralled
laborcabory rocednes teerts would be ampreatienl ninee LY woull Lo osa
Unhecessary des;gv\ concbilarations ©or an raiveral't and, in nodlidion, fhc
ideal {est conditions neilizmed :u Joacver bo peelised dn an clrecvedt Lecauwno

of Che many wmriables involved as wentlornced belora,

d e e e ke e - e e
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It would appear that establishing a dimensionlasg Spontaneous Ignition
Qatperature ndex Nunber for corbustidble fluids which would toke into
account the various paromweters that affuct the fgnition tanperature would
ald in evaluating the safety, from a fire hazapd standpoint, of verioug
installationa in an alreraft,. To hecomplish this, it would Vo necescaxy

to establish geme base line tegt data for gach combustidle fluid from a
standardized test procedure such ns AgTY 266+ 30 or a standordized oliaulated
airerolt procedure asninot which the actual conditiong that would, be .
cncotyterc in un alrerart could be evaluatod 80 a8 to arrive at a

ddlmens ionless Indesc No. 'The rafameters thot would be involved are as follows:
(1) pressure; (2) tonperature; (3) atr flow veloeity; (I) muteriel; (5)

3

suriuce/voluae ratio; (0) fuel/air ratio; (7) #ac,

W abiemet thds Lg bayond the soope gf tida report as {t would entull o
DUl donl of tLlne and cflort for de termining e ‘uscfulnens of 8uch an
fex fo., cnocking out itsg Procticality, ostablishing base line data,
ana actus.ly upplying it to Sunpla alreraft inot&llatﬁions. ’
e entablisument of g standoratzed flauleteq’ alreraft test proceduge
thas vould o ecepiable to the oirveralt Industry would ve very deslrable
AS Wle AdSPerencos ancountered in spontaneous 4(nltion tauperatures with
Gae various tesy procedures utilized could bo resolved, A couzion base
Line would then Lo estoblished Lrom which the alreratt ladustry coulq
aperoneh tie problem of determining tne potential Cire hazorug in their
poriticulers alreraft, :

T ——— e e
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