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ABSTRACT

c:;;;a is the first in a series of studies of hydrzulic oils
undertaken to develor non-inflammable fluids for use in the
hydraulic systems of naval vessels and aircraft. it is necessary
that laboratory tests be devised to simulate the fire hazzrds
of actual practice under battle conditions in order that the
hydraulic oils developed in the present nrogram may be rroperly
evaluated.

This report describes@ new nethod for inflemmzbility tests
on hydreulic oils by measurement of the oxyzen concentration
necessary for flame nropagation of a finely etomized srrar of
the oil when a hisgh temﬂeratur. ismition source is nresqﬁ£:>
The atomized snray is ignited by means of an electric arc and
the ﬂTOﬁ&ﬁ&tlon of the flame beck to the soray source is ob-
scrved. The gas used in nroducing this soray is an oxyszen-nitrogen
mixture whose composition can be continuously variec. The oxygen—
nitrogen ratio of zas is chanzed until the uixture just srorazates
the flame back to the source and this critical oxzen concen—
tration is a measurement of the infia amarbility.

The analogue of this test in actuzl rractice is the inflam-
mability of an oil syray resultin: from the renetration or run-
ture of 2 hizh -ressure hydraulic line and the subsecuent ~rorasa—
tion back to the line or the nydraullc reservoir. The iznition
under actual conditions may arise from & shell fra_ment, incendiary
bullet or from contzct with & hot metzl surface such as an exhaust
nipe, but in any case an estimotion of the relative inflsumability
con be made by a rropasation measurement with increased oxvzen
Jresent. The nresent method is comrared with the kmovm uethods
for evaluation of hyéravlic oils and their use individually ond
collectively in predicting inflammability of fluids is discussed.

It is recommended that nronosed hydraulic oils and their
base stocks be evaluated for inflammability behavior br msasure-
nent of:

a. Flash noint

b. Fire noint

e, qﬂont&n»ous 1:n1tlon tvmw rature
d. Flame nronacation of the srroy -
e. Incendizrr firinz tests

Othor rerorts on the results of inflammebility moasurenents
using these methods tozother with the results of incendiery
firing tests will bs submitted ht a later dztce.



INTRODUCTION

(a) Authorization

1., This rescarch vzs authorizud by Burcau of Shins as
Project No. 1121/42.

(b) Statomont of the Problem

2. In connzetion with tha Var Effort & considerable
amount of reseerch has been snonsored by the Navy Derartment
in developing less inflammable or non-inflammable cils for usec
in hydraulic systems and in other naval equirment where the firc
hazard is a potential danger to naval rersonnel and ecuipment.
It is necessary that laboratory tests be devised to simulate the
fire hazards of actuzl practice under bhattle conditions in order
that with such tests the hydraulic oils develored in the rresent
program may be nroperly evaluated.

P One of the notential fire hazerds freguently cacoumtered
in naval practice is the nenetration or rupturce of & hijh-rressure
hydraulic line by a bullet or sh:ll fracment and the roduction
of an atomized spray of the liguid hydraulic oil by nassage through
the orifice. Whaen this soray strikes a hot surface, spontancous
ignition mey result. The likeclihood of ignition under thcse
circumstances may be dotermined roughly by a measurcment of the
spontancous ignition temperaturc. The laboratory valuc obtained
nust be considerced as a minimum point at which irnition con ceceur
and fire will not nccessarily result in actusl rracticc since the
vapor concentrations in the rroximity of the orzon hot surface
are not dircetly comparable to the measurcments of s-ontencous
icnition temperature made in ¢ clesed srster, This stenderd tost,
however, is of little hel) in w=redictin: the case of -ronagetion
of the flame throushout the s:ray and back to the brezk in theo
line. This rorort describes @ method by which atonized srrays
produced from cils prorosed for usc in navel militerry cqui~acnt
may be evaluatcd according to their relative sbilit; to ~ronegzate
a flame.

L. Several cils have becn submitted to the Beval Rosearch
Laboratory by groups undsr Navy coatract to nerform rescarch work
on the develonment of non-inflammeble or less-inflommetle fluids.
Such liruids vary widsly in their inflammability characteristics
vhen measured and evaluated by crdinary nrocedures useful in
cvaluating the fire hazards of rotroleum basc oils. Contradiction
between laboratory measurements of -inflammebility snd -ractical
experience often occur and are cxtromely ¢ifficult to oxplain., By
the method herein described it is possible to cvaluate in the
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laboratory the nrobasble incidence of fire under a condition imovm
to occur in actual practice.

(c) Known Facts Bearine on the Problen

5. The determination of flash noint has beon used ox-
tensively as a method of measuring and evaluating the inflammability
of netroleum fluids. This tost consists of slowlr hoating the liguid
in an omen metal cur (In som: cases a clesed cup say be uszd) and
nassing a small flane over the cur st snecificd intervais. The
flash ncint is taken as the temperature at which & flash of flame
appoars on the surface of the liquié. BEveluetion of ths fire
hazard of lisht netroleum fractions by means of the flash point
kas been .found to be very useful, norticularly on lisuids in the
gasoline, kerosenc, and lisht fuel oil.ranzes, but its uscfulness
in nredicting the fire hezerd of rolatively non-volatile otroloun
fractionation cuts is not wcll cstablished. In meny instances,
however, the flash roint has boen usaé te describe the rolative
fire hazard of notreoleum and non-motrolcum hydrzulic fluids. This
nrocedurc has been found herc te be inadeguate, and 2 numbcr of
different methods will be necessary toc match tae nature of the
inflammability circumstance involved, cach Cesigned t2 oblain a
true evaluetion of relative fire hazard.

6. The fire point mev be determined in the same arpraratus
uced for the determination of flash point. The fire noint is
takon as the temporature at which the oil tekes fire and continucs
to burn for a neriod of at least five seconds. ¥With many low boil-
ing petroleum fractions as well as with meny volatilc organic licuids
the flash and firc noints are almost identical, the fire roint
occurring only a fow dezrees above the flash point. EHisher boiling,
less volatile oils anéd fluids have a wider tomporature diffsrential
between flash and fire soints. This differcnce may have soume added
significance esnecially vhon anwlied te non-petrolewms fluids.
& rough correlation has boen obscrved betweon this difference and
the flame pronagation tondencics in that the greator the diffcrential,
the more difficult the s-ray is to ignite.

T+ The Soontancous Ignition Temmerature (also knowm as the
Autogenous Ignition Tcmoerature) is the lowest temperaturc at which
a small volumc, usuelly a calibrated dron, srontancously ignites
when dronred onto o hot surfacc in an cnclosel spacc. The determina-
tion of Autogenous Iznition Towcretures by the A.S.T.H. methsd
is accomrlished by hozting a 125 ml Brlenmcyar flusk in a beth of
liguid solder. Small amounts of sample are admitied ané the tomperc-
ture of the bath rcocorded at the lowest ignition roint. The tempera-
ture of ignition is noted by measurerent on a thermocouple or a
thermometer rlaced in the scléer bath. The volume of samrle admitted
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is changed until the amount just sroducin: ignition is determined.
This quantity is then used to determine the minimum Autogenous
Ignition Temperature. It is nccessary to kesh @ slow strezn of
air flowing durinz the interval botweun samnlcs to remove the
exhaust fumes and provide ¢ fresh oxyzen suprly.

8. 4 modification of thc Srontancous Ignition Dotermination
rhich permits obscrvation at much higher temroraturcs has becn
made. This aniaratus consists of a stainlcss stcel cur with 2
side inlet to furnish nreheated fresh air, and rrovided with a
thermocounle for tomnerature measurcment. Ignition tcareratures
obtained in this anparatus may be much lower than thosc obtained
in the A.S.T.M. zlass vessel since the motal br catalysis may
lower the Spontancous Ignition Temncraturc.

9. The conditions umder which the Shontancous Ignition
Temperature is determined must be snecified in order that the
reported value may bc resroducible. Sume of the factors which
should be controlled and rencried are:

(a) Size of sample drop used

Eb) Rate of surply of eir to ignition chamber

c) Volume of iznition chamber

(d) Temperaturc of incoming air

(e) Material ussd for construction of chamber and
material upon vhich the dron impinges

(f) Time intervzl betweon dronlets

10. A fire hazard known to cxdst in actual jractice is
one resulting from the penotration of a hydrzulic systom by high
explosive or incendiary missiles. Tests at both the Navael croving
Ground, Dahleren, Virginia and Frisht Ficld. Darton, Ohio showod
that many fires were started by shostingz bullots throuzh experi-
mental cans (1 gal.) containinz the —etrolecum base oils of the
type now used in navel oguiment. Althourh fircs can be started
when 50 caliber hi_h ox;losive or incendiary bullcts cre fired inta
the oils directly, a much larser hercentese of firss can be obtained
when there is rlaced in th2 line of fire metal -lctes or "baffle
plates” thick cnough to frasment and irnite the bullet on iwmnzct.
If the one gallen can of 2il is placcd endwise so that the bullet
passes through the largest dimcnsion with the burninc missile in
- contact with tho oil for the maxirum time, the sreatsst nercentasze
of fires is cbtaincd. Practically 10C: of fires can bz obtained usines
this method on petrolcum base sils. The use of these incendiaries
in modern warfarc greoetly incrcescs the fire hazard and vulnsrability
of naval equirment whosu rroper function at nresent derends unon
the usc of inflammeblc liguids. Armwor riercing shells arc also
kmown to produce fires, but as the inflarmebility is -roduced by
the heat of impact, the nmorcentase of fires is much less then
under incendiary fire.
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12, Several new techniques have been nronoscd and used
by the Standard 0il Develorment Comnany of New Jerscy to obtain
indications of the inflemmebility of hydraulic oils under varying
conditions.% One of these is to snray the oil onto a hot surface
and observe, by means of an gptical pyrometer pointed at the hot
surface, the approximate temperature at which the material burms.
Fires can be obtained in this way using some volatile and somec non-
volatile oils, but the values arc not very reproducible. However,
many common hydrocarbons, for example benzene, which is usually
considered a serious fire hazard, could be burned only with great
difficulty requiring temmeratures over 1700°F vhon tested by
this method at the Naval Rescarch Laboratory. Anuther inherent dis-
advantage aside from such an obvicus discrepancy is that the ratio
of concentrations of vapor and air is not constant but waries from
point to point throughout the system and is not known at or near the
voint on the surface where the iznition occurs. Eddy currents of
air, which are cver »resent in cpen laboratory tests, constantly
carry the vapors of the material wmder test from tho spot of
contact with the hot surface, and the occasional flame is produced
at the point where a favorable isnition mixture comes in contact
with the proper catalytic surface. Once ignition has started, the
remainder of the gaseous mixturz in the imiediate vicinity bumms
readily from all dircctions to the neripbery vherc the wolatile
vapor concentration is too low to be inflammable.

13. A modification of this hot nlate test has likewisc
becn used by the Standard 0il Development Lompany in which drons
of the oil or liguid to be tested are allowed to fall on a syiral-
coil type of clectrical heating element in an cren system. The
temperature of the element wire is increased until iznition occurs.
The temperature is then determined by mcans of an optical ryrometer.
Here again no attempt has been mede to control or ascertain the
gaseous mixture in the immediate vicinity of the surface. In ad-
dition to this spontaneous ignition, & determination was madc in
a similar manner with a small flame just over the noint of contact
of o0il and heating element. This value is desiznated as the
ignition point on a hot surface in the nresence of a flamo.

1. Inflammability studics at the Petrolaum Research
Laboratories at Pomnsylvania State Collese have been carried out
using & ceramic-like "globar" heating clement.’ In this test,
the element was heated electrically with the rate of heating regu-
lated by means of a "variac" voltage controller. Dronlets of licuid
were allowed to fall on the globar and the pressmce or absence
of ignition was noted. An ontical ryrometer was used to measurc
temperaturcs at which ignition occurred. Results of attempts
to detormine inflammability by this mcthod showed that droplets of
licuid sometimes burned and sometimes bounced off without igniting
or vaporizing completely. A modicinal atomizer was used to spray
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the liquids onto the bar and under thesoc circumstances certain
volatile low-flash noint hydrocarbons tested anreared to burn

(e.£. benzene and n-hexane) vhile the non-volatile hydrocarbon
hydraulic oil base stock failed to ignite. Tho effect of surface
catalysis on the ignition was considerable since it was found that
metal, when used in place of the globar, caused ignition more

* readily than did the ccramic globar, althoush the metal was kept

at a lower temperature. In other tests a small strcam of liquid

was allowed to impinge on the globar and under those conditions

all the liquids that were tested ignited. It was concluded, on

the basis of thesc tests, that under sufficient imrninging nressure,
cven the less inflammable metericls will burn. 4An important variable
in these tests was the non-uniformity of concentrations of licuid,
vapor and air at the noint on the surface where contact with tle
globar, and subsequent irmition; occurred. Since these concentra-~
tions arc umcontrolled and are affccted by eddy currents and room
fluctuvations, the ignition values cannot be exnected to be re-
producible. Some preliminary results obtained in the manner described
above were renorted as follows:

Volt esso 36 (arprox. 300° flash point) —- Burned
Ethrlenc glycol -
Dimethrl silicone -—
Trimethyl phosrhatc s M

No further data was given on these inflammabilities.

15. Flame Propezation S;eed Tcsts have been used by the
Underwriters Laboratories on mixtures of combustible gases used
as refrigzerants as a method for the cvaluation of the inflammebility
which proximates conditions met with in actual -~racticc.™ These
tests consist of ignitine a mixture of zeses to be tested in an
explosion cylinder made of heavy steel. The ignition of the gascous
mixturc is donc by mcans of z spark nlug and the ~rorrass of the
flame front is determined by photecrrarchs mede &t recular intervals
alonz the tube as the flame front passes from the iznition source.
In these tests, it was found that Dromane; sasoline; and methyl
formate all propagated flame =t about the same sneced, vhercas
methyl chloride had a different and much slower pronagation rate.
The composition of gas or vanor-air mixtures emploved was carefully
controlled and sclected as that mixture nroducing the maximum
pressure in explosion pressurc tests proviously made. This method,
although requiring a more elaborate apparatus, has many obvious
adventages for research purposes, and has the soundest basis from
a theoretical standpoint.

(d) Narrative of the Orisinal ¥ork Dong at this Laboratory

16. It early became apparent that the flash ncint, fire
point,; and spontaneous ignition temperature measursmonts cither
alone or together were not zlways anmironriats mossuroments for



evaluating the fire hezard with regard to all practical circum-
stances. Two notable hazards which zre not adequately cvaluated
by these usual determinations are (1) the penetration of hydraulic
systems by incondiary bullets or sholls and (2) the ignition of

a fine snray of oil from 2 broken high pressure hydraulic line
impinging on a hot metallic surface and the propagation of the
flame back through the mist to the oil reservoir or line.

- 1. Tests begun at the Naval Research Laboratory to cvalu-
ate the fire hazards with standard netroleum tests resulted in many
apparent discrenancies and irresularities. A& literature investiga-
tion was then made to find methods morc suitable for use in the further
evaluation of inflammability. Afier an extensive search it vas
annarent that nome wes svailable. Investigations were then directed
toward the develonment of methods of test which simulated, as nearly
as possible, actual fire bzzards existing in naval practice.

The first crude tests consisted of drorring lightod rods of nag-
nesium into the liquid wnder cxamination and observing vhether or
not the liguid ignited and burned after the megncsium had dissinpated
itsclf or become guenchod. Many of the notroleum basc oils burned
readily, vhoreas soveral chlorinated orzanic cumrounds quenchod the
burnins metel and did not burn. Although the temperature of the
burning magnesium vas high, makin: the tost ssvere, the rcletive heat
canacitics of mazncsium and oil sampls were involved making the toct
unreproducible and much tos qualitative.

18. The next stop in the investication was the construction
of an annaratus which consisted of a tin can mounted vertically,
holding in the ton a burning rod of masmosium suspended on a wirc.
A hole was provided in the side of the can close to the bottum,
and through it mas sorayed & fine mist of vil in air. A household
insceticide sprayver was used for the dispersion of the oil as a
spray. Petroleum oils fired readily in this agpparatus anc the
resulting rapid combustion readily blew the tco off the can.

This explosion and subsequent removal of the can ton was token s

a nositive inflamaability test. Chlorinated hydrocarbon wixtures
under test did not fire or exnlode vhen the same experimental con-
ditions were used. However, considerable evolution cf suoke was
observed from the spray of these liguids in contact with the burning
magnesium. ;

19. This simnle vertical apparstus was improved by mounting,
within the can, an slectric arc consisting of two horizontal slec-
trodes, and zllowins the electrodes to touch; uron release thoy
sorung apart and an arc discharce develoned igniting the spray
more efficiently than the burning magncsium. Iater it was found
desirable to use an clectrical smnark discharse apparatus so
that a high voltage spark jumped the arc zep and automatically
started the arc by reducinz the gap resistence. This modificaticn
made use of a jush butten to start the arc in place of the manual
touching of the electrodes.
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20. The results of oreliminary tests on this nropazation
apparatus showed that some oils would burn readily in air vhile
others were non-inflammable under these conditions. A division
of the results was made into thesc two groups. Inasmuch as the oxygen
content of air varies with the altitude it wes thought advisable
to evaluate the 0il mist inflammability by decreasing the oxygen-
nitrogen ratio until the critical value vas reached vhere inflam-
mability just could be noticed. It was zlsc realized that this
critical valuc at atmosphoric pressurc mzy be usod 4o rate the
various oils as regerds rcletive inflammability.

21. Apparatus was therefore canstructed for producing a knomm
oxyzen-nitrogen mixturc for ssraying the oil. The nccessary oxy-
gcn and nitrogen tanks were yroviced with walves, gus iixing ecuin-
nent and flomacters to verait controliing and metering the uxygen-
nitrogen ratis of the nixturc. As the test wnit is now constructed,
the oxygen percentage of the mixturc can be increzsed te & point
vherce the cxplosion or fire results. This oxysen porcentage is
the basis for cvaluating the fluid as to its flome jropazation
ability when in sgray form.

2. It vas found that the soray gun corricd the liguid
into the nozzle by the aspirator offcct of the passing air. Since
this offect was constont throughout the determinations znd the
orifice sizc was likowise comstant, the amomt of oil rassing to
the orifice varied inverscly with the viscosity of the fluid.

For examplc, benzenc had a fast rate vherens SAE #60 uotor oil
 had an extremely slow flow. To make the apparatus incdenencent of
viscosity, a netering tube was inscrtod in the systezm and the flow
to the spray gun vae controlled to zny Gesirsd valuc rcrardless

of the aspirator effcct of the Lun or the aressure effect of the
licuid colum in the burctte.

23. Apperatus has alsc beon constructed for the determina-
tion of spontarcous iznition temnerature in & stainless steel apna-
ratus provided with & constant streanm of warnm air. Iy dotermi-
nations have been made by this method in an attaupt to evnlucte
the data and internret it as an indication of the probablc fire
hazards in naval cquinment. It was noted thet many discrenancics
vizich existed when attempts weore made to evaluate the fire hazard
on the basis of flash point, firc noint or snantancous icnition
temperature alonc disapreared when the data obtained by the snray
test horoin described ere also teken into cansideration.

24. Incendiary firing tests ore being made on nowly
developed hydraulic oils to evaluate their inflammability characteor-
istics toward this actual nractivc hazard end to nermit correlation
with the results of the leboratory tests. 4 detoiled rerort of
these findings covering all the hvcraulic fluids investisated will
be made vhen tests are comnloted.



METHODS
(a) Apporatus Used
A, Fleos DRSS o

25. The nethod herein described for the measurcment of
the spray inflarmebility of hydraulic oils by determinetion nf
the flame propagetion of the oil in spray form utilizes an apjaratus
consisting of 2 cylindricel »ronaration chamber constructed fronm
two concentric brass tubes. Tho tep viow >f the chamber (Plaic 14)
gaows the intosral parts and the dincnsions of the tube as constructed.
A zné M are brass tubes of 1/4" diamcter, silver soldersd into
the outer bross tube serving as water outlet and inlet, respectively,
for the cooling jacket. B and C zpc the concontric cylindors mode
of brass telescope tubing to form the main body of the tube. Brass
tubing of 5/8" diameter (D) wes silver solcercd into the mein body
tube to serve as holders for the two norcelain insulators (E) fitted
on each side of the tube. Hloctrodes (F) were constructed of 5/16%
copper rod and were fitted sccursly into threoaded brass holders.
Thc hoxagonal nuts (G) more fastonod to the base ané nuts desig-
nated (I) were scldercd to the threaded brass cleetrods holcer.
These nuts (I) werc paintcd with consccutive numbers about the
hexaronal sides so that ths number of turns could be oasily road
and thus from the number of threcads por inch, the clectrode snacing
could be ascertained. Thc cdotted lines shown as L iadicetc the
load wires from a thermocouple hoving its hot junction at K. This
couple is placed midway betirzen the clectrodes and the rear end of
the tube. The lower end is closed with 2 tishtly fitting brass capn
(¥) which holds a norcelain thormocounlc insulator in the top and
a bress rod (G) nzssinc through the center of the ca~ to serve as
a handle. A 0.235" diameter holec was made near the bottom of
the cap to accomodate the nozzle of the spray sum. Undcrmeath
the cap near the lower edze, & hole 1/16" diamcter, nrovided an
outlet for excess oil drippings vhkich collect in the lower ond of
the tube. The forvard end of the tube was left cpen to ths atmos-
phere to decrsase the explosion danger. The velocity of air through
the tube was sufficient to prevent appreciable diffusion in from
the atmosphere. The chamber was rigidly sunnorted by two pairs
of 4" x 5" ghelf brackets using the long side at one end and the
short side at the lower end to give a slove of about 5 desreus un-
wvard. -

26. Plate 1 shows the rropagetion chamber mounted with
the spray gun (Q) held in position by means of a laboratory clamn
(R). Air supply comnection to the apraratus ras made through
rubber hose (T) and wos fastensd to the gun by threaded metal
comnectors. The oil burette (%) wes connected to the snray gmm
with 2 metal fitting (U) joined to the glass by & short lenzth of
Resistoflex PVA oil-resistont tubinz. The two leads designated
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as S are thermocoupls wires from the chromel-alumel couple and are
connected directly without the use of a cold junction to a 0 - 10
millivoltmeter. A smell hole nlaced at P rcleased excess oil
from the nropagation chamber to a ~lass crystallizing dish nlaced
beneath this point. A& legend ziving the detailed doscription of
the annaratus shown in Plate 1 is listed in Table 1.

B. Electrical Ienition Svstem

27. In view of the danger involved during the burning
of some cf these oils in oxrgen-rich atmospheres it was considered
advisable to strike the arc by means of a high tonsion sperk,
rather than use a manual system of arcing. In addition, the danger
of electrical shock to the overator is minimized. After construciion,
the smark ignition method was found to give the added advantage of
making rossiblc a2 more wmiform spacing of the elsctrodes. HMove-
nent of thc individual electrodes to start the arc is unnecessary,
and an initial adjustment is allowed to remain during several
inflammability tests.

28. The system of sperk ignition uscé in this work vwas
essentially the. samec as that described by Brockman and Hockesgang
with the excention that 110 volts D.C. was used for the arc instead
of 250 volts D.C. The method consisted in the production of high
voltaze alternating current vwhich was used to rroduce the igniting
spark. Unon impression of the spark across the gap, the 110 volt
D. C. arc ignited and continucd to burn. Sincc it was only ncces-
sary for a momentary spark to be used, a button type contact switch
vasg used and upon release of nressure the A. C. circuit was broken.
Plate 5 shows the electrical circuit as used with the anmaratus
herein described. The narts are listed as follows:

S-1 Double nole line switch

S-2 Relay, 1.5 am»., 11C V,

S-3 Push button switch

-1 Elcctric cleck, synchronous motor, piving time to .01
secC.

R-1 Bank of conc heaters, total resistance 5 olms.

R-2 Resistor; 1 mogohm, 1 wmatt

I-1 Filter choke, 112 turns, 5 in. diameter, 13 turns
ner inch, 16 cauge cotton—covered coruer wire on an
insulated form.

C-1 Condenser 0.03 mfd. wade from windowzliss and coprrer
foil, 39 clectrodes each 6 x 7.5 inches

C-2 Condenser 0.002 mfd, 10,000 volts D. C., mica

G-1 Analytical gan

C-2 Auxiliary can

T-1 Air core transformer = 2 turns, L, = 20 turns

T-2 Nega transformer 110/7500 volts
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29. Only slight deviations in the original description
were made; a nrotective resistance was inserted in the circuit of
the first transformer, an electric timer was added and some Rrinor
variations were made in the smaller narts due to scarcities.

30. The ignition system as described was found to operate
well and greatly facilitated rzpid detormination. At first carben
eloctrodes were used, but werc found to burn and thus change the
spacing rapidly. As a substitute, commer eclectrodes were used
end were found to remain at the same distence for many individual
determinations, since no apnreciable burning of the motal took
nlace.

3. The snray gun used was a Paasche air brush, afgr.,
model M-8, (Platc 2) of the tynz used by artists for creative art
and photograph restouching. It was seloccted for use with the pronaga-
tion chamber for tho following reason: (1) It gave satisfactory
results when used on low zas pressures (25 to 30 nsi): (2) It
had a short liquid nassagc to the tip; (3) The rate of liguid
flow required for the production of a finclr atomized spray was
small and was more in kecning with the amount of oxygen contained
in the proragation chamber, (4) The tip of the 2ir brush mas
rarticularly adaptable to the chamber used since the orifice tip
could bec ecasily fitted to the brass can, ellowing no atmospheric
air to enter and dilute or carich the carefullr regulated gzas
mixturc. Artists'® brushes, of difforent desisn, werc available
that equalled tho Paasche in spraying ability, but their modifi.-
cation for use in the cguirment at hand required adantors of dif-
ficult mechanical design. Th: Passche brush had controls for air
and oil flows but these werc set to operate continually at maxi-
mun values. The silver needle was further adjustod at L-141 so
that the flow, when mainteined at the minimum liquié flow adjust-
ment, gave a spray rattern vwhich was comical in sharc reachin; &
diampter of 3" at a point 12 inches from the tin. The s-oray zum
vas mounted as showvn in Plate 1 with the lonzitudinal axis in line
with the mid-point of tho spark gap, thus the spray was dirccted
wiformly with a maximm cof oil nist roaching the burning clec-
trodes. It vas obscrved experimcntally that this s-ray gun adiustment
rroduced the most inflammable snray of all thosc jositions tested.

32. The solec inlet for gas in the pronagation chamber is
through the tin of the snray gun by way of the rubber tube and
mctal connector. Although the end of the chamber is onen, no
appreciable diffusion or diluticn with atiospherie z2ir occurs
since the air flow through the tube is in excess of 10 liters ner
min. Soue mixing and diffusion undoubtedly occur at the extreme
end of the tube as the spray emcrges, but none has been noted in
the crlinder between the electrodes and the snray sum.
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for the determination of the inflammability of an oil. Tha resor-
voir burette (W) was filled with the liguid wnder study. The finger
lever on the eir brush (¥-36) was fastcned tightly in the "ont
nosition. Gas tank nressurcs wers then adjusted at the reduction
valvas for operation at about 25 nsi. With the remainder of the
syston open,; the Hoke needle valves at the base of thc rotamcter
tubes (F and BB) wore adjustod to rroduce the desired oxygen-
nitrogen mixture. After all ad,]ustmants had been mede tho ses

was allcwed to flow for about 45 scconds to settls dom to a constant
flow, and then the flommster readings werc checked. The buretie
stopcock was then opened allowing the liquid to syray. Aifter con-

- tinuously spraying for fiftecn seconds, switch 8-1 (Plate 5) was
comected end ths A.C. rush button was momentarily nressed.
Simaltaneously with the striking of the arc, an clectric clock

was started and the arc was allowed to burn for fivc scconds, efter
which time switch S-1 was opcned. thon the flame nropezated froa
the arc back to the gun, it rassed the thermocourlc and thus actu-
ated the aillivoltmeter. When the millivoltueter registered 1 mv.

or mwore within five seconds, the test vas considecred pvsitive,; and
the oxygen concentration was lowersed umtil the thermocouple rotential
was less than one millivolt. In this manner the oxyzen nercentage
necessary for combustion could usually be ascertained to * 1% in

the lower oxygen nerconteges and * 29 in the higher ranges. Ths
observation was usually accompanied by a muffled roport, the intemsity
of which increased as the critical amownt of oXygcen was exceeded.

40. Between each inflazmability test, the ch;.mber was
allowed to sweep out from one to five m.nutes depending on the
tyoe of oil wndor study. The electrodes were removed, cloaned and
reanaced at least once every ten arc discharres. It vas foumd
naccssary, however, to clean thom more often (in the extrome case
avery time) when consistent results could not be obtainod othor-
wise. This precaution vas especially ncecessary when testing
0ils which charred readily on the hot eleactrodes. Bonzoenc vas
warticularly troublesome in this regard.

FA R To consarve the rure gases used in the determinmation,
air from the laboratory line was uscd for sweering out the chawmber
durinz the one to five idnutes between determinations. A reducticon
valve similar to that used on the gas cylinders in Plate 1 vas
used on the air line to give 25 nsi nrossure and a flow of ten liters
per winyte. It was neccssary to place a filter of slzss wool in
the air line to protect the wvelve and the air brush from contami-
nation due to o0il or dust in tho system.

42. After a aerias of inflammability tests on a ziven oil,
it was found necessary to completely clean the apmaratus beforc
making tests on a second liguid. Tho burctte, spray gun, flexible
connectors and rropagation chamber were cleanod . by running about
twenty ml. of benzens through the assembled ccuimmant. It was
often found necessary to coapletely clean the combustion tube by
removing can N from the nropagation chamber and thoroughly sr;abbing
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29.  Only slight deviations in the original description
were made; a nrotective resistance was inserted in the circuit of
the first transformer, an electric timer was acded and some minor
variations were made in the smaller parts due to scarcities.

30. The ignition system as described was found to operate
well and greatly facilitated repié detormination. At firct carben
eloctrodos were used, but werc found to burn and thus change the
snacing rapidly. As a substitute, copner eloctrodes were used
and were found to remain at the some distance for many individual
doterminations, since no appreciable burning of the metal took
nlace.

31. The snray gun used was a Paasche air brush, migr.,
nodel M-8, (Platc 2) of the tyne used by artists for creative art
and photogranh retouching. It was selocted for use with the propaga-
tion chember for tho following reason: (1) It gave satisfactory
results when usod on low cas nressures (25 to 30 nsi); (2) It
had a short licuid nassage to the tip; (3) The rate of liguid
flow required for the production of a finelr atomized spray was
small and was more in kecning with the amount of oxygen containod
in the proragation chamber, (4) The tip of the air brush was
rarticularly adaptable to the chamber used since the orifice tip
could be casily fitted to the brass can, sllowing no atmospheric
air to enter and dilute or carich the carefully regulated gas
mixture. Artists' brushes, of different desizn, werc available
that equalled tho Paasche in spraving ability, but their modifi-
cation for use in the cquirment at hend required adasters of dif-
ficult mechanical design. Tho Paassche brush had controls for air
and oil flows but thesz werc set to osperate continually at maxi-
mm values. Thce silver neecle was further adjustod at H-141 so
that the flow, when maintained at the minimum liquid flow adjust-
ment, gave a spray rattern vhich was comical in share reachin; a
diamoter of 3" at a ooint 12 inches from the tip. The spray zun
was mounted as showm in Plate 1 with the lonzitudinal axis in line
with the mid-point of tho spark gop, thus the spray wes dirccted
wifornly with a maximm cf oil mist rcaching the burning elec-
trodes. It was obscrved exnerimentally that this spray gun adjiustment
nroduced the most inflammable spray of all thosc positions tested.

C. I ant Devicas

32. The sole inlat for gas in the nronagation chamber is
through the tip of the snray gum by way of the rubber tube and
metal connector. Although the end of the chamber is onen, no
aporeciable diffusion or diluticn with atiuospheric eair occurs
since the air flow throush the tube is in excess of 10 liters per
min. Soue mixing and diffusion undoubtedly occur at the extreme
end of the tube as the spray emerges, but none has been noted in
the crlinder between the electrodes anc the spray gum.



33. Initial cxperiments were conducted with the spray
equipment (Plate 1) using air as the nroragation atmosrherc.
Results obtaincd showed some liquids to be inflammable while
others were not, thus dividing the 0ils inte two well-dafincd classes.
No differcntiation or eveluation could be made of oils in sither
class to comnare them with other oils in the same class. To mekc
such evaluation rossible a mixturc of cxyron and nitrosen vas used
in the cylindrical chambor. Br sturting with 100% nitrogor snd increas-
ing the oxygen concentration in z series of successive ex-orinonts,
a percentage was reached where the oil in guestion nropagated the
flame just enouch to £ive a rositive test. By coujarin; this criti-
cal oxyzen rorcentage, a rolative inflammability svaluation of the
oils with respect to onc another was obtained.

34. To obtain this variable scs wmixture the apnaratus
shorn in Plate 3 was devised. Oxyzen ancd nitrozon wers obtained
as compressed zases (2000 psi) in standard cylinders (220 cu.ft.
capacity). The tanks were capped with nressure reculating reduction
valves, and rubber tubes carried the cases to the metering and
mixing apparatus. Rates of flow werc mecasurzd on glass tyne Rota-
meters (Y for oxygen) and (I for nitroszen), consistins of tanered
glass tubes containing & carefully constructed float. The flost
was of such diameter that binding occurred at the lover part of the
tapered tube while it allowed more gas to flow as it rose upy the tube,
The individual gases werc thon niped to a nixing chamber R where &
serics of concentric brass cylinders (Plate 4) orovided the turbu-
‘lonce necessary to assure prorer mixing of the zases. It wes neces-
sary to place a nressurc geuge af this point in the systom to allow
the onerator to maintain & comstant »ressure on the spray cun as
well as to rogulatc the rate of flow. Pire comnection was then mede
4o a "I" vhich carried the spray sum gas comncctor. An indevend:nt
cannection (Z) with thc laboratory air line was mads at T so that
the exhaust zases nroduced in each run could be swept out with air,
saving the supplr of nurified geses for actual doterminations.
Gas flows were controlleé by the usc of Hoke nzedle valves as
illustrated.

35. The Rotametor type of flowmcier ws sclected because
of its advantages in this tync of operation. EBasc of adjustment
ané of reading is of rrime imrortance in this determination and the
Rotamcter is much better than orifice type veters for this use.
In addition Rotameters can withstand the rressurcs used with safoty
vhereas many other commercially availeble flommeters would not have
sufficient mechsnical strength. The oxygen flowmeter was constructed
witk a hollow catalin float desizned to measure 40C to 8000 ml. ner
minute over thec entire range. The nitrogen flowmocter contained a
hollow durdl <float designed to measure 600 to 1000 ml. er
ninute over the entire range. A rate of 10 1. ner nin. at the pres-
Bure of 25 psi was selected ag the operating flow »roducxng the opti-
mun spray with -the oils wnder study. Thos flewsoters wore carofully



12

calibrated and 2 scale was nlaced an cach tube roading ditfectly

in percent oxrgen in the mixture whosc total flow was 10 1. per -’
min. The flow of the gascs was roculated at the crlinders (B and FF)
and et the Hoke needlec velves (F and BB) so that both scales reac
the desired nercentaze a$ 25 nsi »ressure on gauge N. Flow to

the s»ray gun could be convenientl turned off at S without changing
the percentace mixturs settings on the other repulating devices.

36.  The pressures used in tho system, being too groat
for the laboratory rubber tubing, roguired the use of a cloth braicded,;
small bore rubber tubing and snocial threaded metal commactors to
faston the tubing to the gas sources and outlet systems. A logend
giving a dotailed description of tho apparctus shokn in Plate 3
is listed in Table 2.

D. Qil Motoring Device

37. FWhen a constant oressure and 2 fixed flow rate are
uscd on the spray gum, the amount of oil passing throush the gum
and the naturz of the srray are dependont uron the amount of liguid
vhich is drawn through the orificc of the snray zun tin by the
aspirator effoct. Sincs the oils must pass through a fixed ori-
fice, this cuontity in turn will denond upon the viscosity of
the oil under consideration. With constant air supnly it wes
noted exnerimentally that the rots of flow of liquid to the gun
variod with the viscosity fro:: 0.5 cec nor min. for a hecavy minaral
oil (SAE #60) to more than 15 ce. nor win. for liguids as thin
as benzena. This widec range of fucl concentration in the chamber
caused some £ross discronancics in inflammability ovaluation for
many  compounds.

38.  Anparatus wos constructed ac shown in Plate 6 for the
injoction of a fixed guantity of oil ner minute indererdont of the
aspirator offect of the srrar cun and of the sravitational cffect
of the liguid colum in the burette. The arparatus consisted of
a 100 ml. madicinal zrownd rlass syrinze mountod horizontally.

A hole was nlaced in thc back cnd of the nlumzer co that & machined
brass nut (1/4" - 20 threeds per inch) could be inserted within a
closely fitting rubbor tube. A slew-sneed reversing clectrical
notor (7 RPM) was nlaced with its shaft in line with the nlunger.

A long threaded screw, attached with & comnector, wes ~laced in-
side the brass nut so that rotation of the nut or shaft caused

the plunger to move in or out as desirad. Connection vas made
from the end of the syringe to & three-war stoncock connected in turn
to the filling burette or the surer ~ua. The "' tyoe threc-wey
stopcock was inserted throe dimensionally in Plate 1 at a .noint U
in the connector tube.

(b) Exrerimentasl Procedure:

39.  VWith the gas measurcrent and control cguirment (Plate
3) connccted to the nroresation chamber, tho anraratus was ready
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for the determination of the inflammability of an oil. Tho resor-
voir burette (W) was filled with tha liguid wnder study. The finger
lever on the air brush (M-36) was fastened tichtly in the "onm®
nosition. Gas tank nrossurcs wers then adjusted at the reduction
valves for operation at about 25 nsi. With tha remainder of the
systcom open, the Hoke needle valves at the base of the rotametor
tubes (F and BB) wore adjusted to -roduce the desired oxygen-
nitrogen mixturc. After all adjustnonts had bocn made tho zas

was allowed to flow for aboul 45 scconds to scttle dom to a constent
flow, and then the flowmeter readings wer: chocked. The burette
stopeock was then opened allowing the liquid to s-ray. After con-

. tinuously spraying for fiftcon seconds, switch S-1 (Plate 5) was
comected and the A.C. rush button was nmomentarily nresscd.
Simultaneously with the striking of the arc, an clectric clock

was started and the arc was allowed to burn for five seconds, after
wiich time switch S-1 was oncned. Vhon the flame »ronagated from
the arc back to the gun, it rassed the thermocounlc and thus actu-
ated the mzillivoltmeter. When the millivoltueter rogistered 1 mv.

or more within five seconds, the test vas considered pusitive, and
the oxyzen concentration was lowersd umtil the thermocouple notential
vas less than one millivolt. In this manner the oxyzen percentage
necassary for combustion could usually be ascerteined to & 18 in

the lower oxygen perccntzges and ¥ 24 in the higher ranges. The
observation was usually accompanied by a muffled ronort, the intensity
of which incrcased as the critical anount of oxyzen was exceeded.

40. Between each inflaumability tost, tho chamber was
allowed to sween out from one to five ninutes depending on the
tyve of oil under study. Tho clectrodes were reomoved, cleancd and
respaced at least once cvery ton arc discharges. It vas foumd
necessary, however, to cleen thom more often (in the extrome case
overy time) when consistent results could not bo obtzined othor-
wise. This precaution vms especially necessary when testing
oils vhich charred readily on the hot elactrodas. Bonzenc vas
narticularly troublesome in this recgard.

41. To consarve tha pure gasecs uscd in the determination,
air from the laboratory line was usced for sweerin: out the chamber
during the one tc five uwinutes between determinations. A reducticon
valve similar to that used on the gas cylinders in Plate 1 was
used on the air lins to give 25 »nsi nrossure and e flow of ten liters
per winyte. It wvas nccecssary to plece 2 filter of slass wool in
the air line to protect the velve and the air brush from contami-
nation due to 0il or dust in tho system. _

42. After a serics of inflammability tests on o siven oil,
it was found necessary to comrletely clean the annaratus baforc
making tests on a second liguid. Tho burette, spray gun, flexible
connectors and rropagation chamber were cleaned by running about
twenty ml. of benzens through the assembled cquimment. It was
often found necessary to completely clean the combustion tube by
removing can N from the nropagation chamber and thoroushly swabbing
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the intorior with cloths previously dirred in banzenme. after re-
assembly, the apnaratus was blown for thirty minutes with air to
remove all traces of benzene used in removing the previous oil.
The clectrodes were cleaned by rcmovel from the chauber, vash-
ing with benzene and nolishing to a shiny metel surface with
emery paper.

43. With continued usc the ands of the eslectrodes may
become nitted and it vas nectessary to file thom after the cleaning
operation. Whon reassembling, the elcetrodes were Jwoperly sraced
by screwing them in wntil electrical contact was made tas obscrved
on a meter or on the clectrical timing clock), then the clectrodes
wer. turned out to the desired arc spacing (twenty revolutions
to the inch). A spacing of 0.10" (two turns) has been found to
give satisfactory operation of the chamber so this velue was usod
as a convenient constant gap distance.

Ak Operation of the inflammobility apparatus utilizing
the oil metering device was done in much the seme manner as de-
scribed above. The metoring tube was connected into the spray
2w inlet (U in Plate 1). The zlass syringze ==s thon filled by
reversing the aotor and drawing the licuid in from the filled
burette. After filling the anmmaratus, the threc-way stopcock was
turned to allow the liguic to go directly throush to a snray
gum. In naking the inflammebility test, the gas mixture was ad-
justed as bafors, and allowed to operste for 45 scconds. The
motor was thon started and the ligquicd was forded through the ori-
fice tip at the desircé rate for fifteen scccnds before striking
the arc. The oxygon-nitrogen rotic was then varied until the
critical value which just »romagates the spray back o the orifico
under those conditions was recachec.

DISCUSSION OF RESULTS
() Data Obtained

45. The hydraulic oils vhich were availsble in the
laboratory weore tosted in the flame nropazation chamber and tho
rosults of these tests arc ronorted in Teble 3. Thesc results
are not intended to be comprehomsive; but are merely rerresenta-
tive vealues obtained on several oils and licuids readily available.
Studies were made to evaluate the nresent method.

46. It was noted that the netroleum base oils now in
use in naval eguirment form inflammable mixtures with as little
as 12¢ oxygen. This is true of the threc tested.

0.8. - 1113 Hvéraulic Gear 0il, Flash Point 310°F
0.S. — 2943 Hydraulic Gear 0il,

(Flat Viscosity) Flash Point 230°F
AN-VVO-366 Aircraft Hydraulic 0il, Flash Point 200°F
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The oils are of the low viscosity tyne and are made from low
boiling netroleum base stocks and are thiclioned by the addition

of nolymer additives to give tho desired viscosity-tomerature
curves. It is noted that the flash noints of these cils are
different, but in snite of this difference, noc change in the
oxygen nercentace needed for nroracation of the srray wes obsorved.

47. Benzaene, when sprayed through the chomber, gave
a violent combustion, occasionally with explosive violence, vhen
only 12% oxygen was used. It was necessary, howover, to restrict
the flow to about 3 cc ner minute to obtain this inflammability Fig-
wry With high rates of liguid flow, especially the high rate of 15
ml. por minute obtained in an open system, the mixture would not
ignite until the oxygen rcrcentaze had been increased to over
30%. It has been concluded that the deviation here was caused by
an exccedingly rich benzens-air nixture enc a shortin: of the
arc causaed by the formation of nwvrolytic carbon on the corner
electrodes. When this denosit was shaken loose by ap:slication of
a potential across the electrodes, a violent exnlosion usuvally
resulted.

48.  Cetané (n-hexedecanc) Llikevrise gave an inflammable
mixture with 12% oxvgen even when allowed to flow froely into
the spray gun. The cctane uscd for thesc tests was about 955
purc and was the commercially available Dupont product used
as the diesgl fuel stendard. The same oxygen rercentage was thus
obtained on thesc two licuids in spite of the vastly differcnt
results vhich have been obtained in other inflammebility tests.

Snontanaous Inflammability
Benzenc 1250°F 13°F 12%
Cetane 459°F 230°F 12%

It is noted that when a comrariscn of the inflarmebility of
benzenc and cetane is made, benzene is the more inflammable at
room tonperature in the nresence of o free flame while cetanc

is much mere inflammable when the hazerd is spentansous ignition
of the oil in a container or on a hot surface. Bqual inflain-
wability of the two is obscrved vwhen sprayved from an orifice
onto a hot surface in the presence »f a flame.

49, Navy symbol #2135 licht lubricating oil gave a szray
vhich 'Jronagated flame in the nrassnce of 343 oxya_...n,, but muld
not give a nositive value below this porcentage. This oil is
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composed of a single netroleum fraction with no viscosity modi-

fier present and corrcsnonds to an SALE 20-30 motor 0il. Thile

the viscosity of the 2135 oil was larzer then that of some of thoe
hydraulic oils tostod (67 c.s. at 100°F as compared with 46.8 c.s.
for 0.S.-1113 o0il), tho inflapmebility was loss. Sinco the 0.8.-1113
oill is made from a light base stock thickened with a pHolybutcne
polymer, it appears from those rosults that the inflamwability of

an oil is nore dercndent unon the naturc of the basc stock than uron
the viscosity of the finally thickened oil.

50. It is indicated by these inflammability results on
petrolews oroducts that the inflammability of the shray of many base
stocks is approximately the seme. This is presumably true for any
oil made from a base stock below the fuel oil or cetane rangc and
nossibly for some oils whosc base stock is a higher petrolcum fraction.

51. Two chlorinated hydrocarbon mixturcs were used for
tests in the flame propegation chambor. These mixtures were oils
made by the Standard 0il Devolopment Company of New Jersay under a
naval research contract and were designated as Controller Oil P.S.
and Controller 0il CC. Controller 0il PS requirce 64% oxygon be-
fore the spray could be made to strike back and actuate the millivolt-
metor attached to the thormocouple to one miliivolt. Even at oxygen
values higher than 64% the violemce of the burning was much less than
that of the petroleum oils whon fired at 125 oxygen mixture. This
inflammability valuc decrcascd to 597 when the rate of licuid flow
vas changed to 3 cc. nor minute. Controller oil CC vas definitoly
more inflammablc than controller oil PS requiring 34-38% oxygen
to produce a mixture pronegeting a flamc. This value was found
to rise to 55% vhen the liquid flow rato was changed from froe
flow to 1.5 ¢c. per minute.

. B It vas obscrved whon testing thesc two chlorinsted
hydrocarbon mixtures that e long swecping neriod with air vas neces-
sary after cach test to remove nroducte formed during the combustion.
Running tests in ranid succession using controller oil PS caused an
increase in the oxygen nercentagc necessary to cause shray combustion.
Controller cil CC showed the on-osite behavior, i.e. when 2 serios
of runs was made without sweenin:z cut the air thoroughly in between
each run, the nercentage oxygcen nccossary for flause nroperation
under the conditions snecified ves decrcased.

53. This behavior of the chlorinated hydrocarbon mixtures
&8 internreted as follows: Controller oil PS after combustion left
suae volstile halogenated matorial which actod as a snuffer and re-
guired an increased amount of uxygen to burn. Controller CC on the
other hand produced the highly inflamsable rroprlene by a scission
of the aliphatic side chain. The volatile inflammsble zas then re-
mained in the nropagation tube along with other rroducts of the
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combustion disaolved in the oii on the side w2lls pnd nado the next
test recuire less oxygzen for combustion.

54. The relativaly low nercentage of oxygen recuired for
the flame propazation of petroleum oils, in contrast with the high
vercentage mixture required for the chlorinated hrdrocarbon oils
is in agrcement with othor observed inflamsability »ronertics of
these oils. ;

55. Petroleum base o2ils when crraved in the armaratus caused
a rapid propagation back to the orifice vhen the critical OXFZen-
nitrogen ratio was exceeded onlr slightly. With those oils, the
“strikewback" made such a characteristic sound that the qguestion of
a positive or negative test was casily answered and the use of the
millivoltmeter and thermocounle was hardly nscossary. Then chlorinated
hydrocarbons werc used the determination of "strike-back" zas not
so definitc and recourse to ths thermocounle and 11141v31tm:tar VES
necessary. A voltage risc of 1.0 nv., v@s sclocted as ths point at
vhich cnough hoat was rroduced by the backvard movement of the flame
to assume a oositive test.

56. The cleaning of the clectrodes wus essantial vhen values
were to be checked against previous ones or against une another.
The aromatic hydrocarbon connounas tested showed a srofownd ten-
dency to char and leave a de?osit on the hot conper electrades.
This doposit continued to build w» wntil an actusl shorting of the
arc current across the electrode occurred. The viscous liguids
deposited this oily layer on the electrode while some of the pure
compounds, i.e. benzene, left a solid carbon denosit. It was found
neccssary in all of these tests to cloan the cloctrodes and as a
maintenance operation the electrcdes were removed, cleaned, nolished,
and replaced after about ten inflaumability trials.

57. It should be realized in internreting the duta nre—
sented in Tabls 3 that the values renorted are tho miniimmm nes
obtaincd in orienting experi.ents. Occasionally, an 2il fave a
negative test at the renorted inflaimability nercentage and this
has even occurred at hlﬂher JxXygen nercontagus. Hom@var, whan
duplicate deterninations were made the lower figures renorted could
‘be checked and easily rencated.

(b) Courarison of the Procont Mothod with other Inflamability
Zeosts

A. Flasn Point

58. The flash point of a liguid may be considored as the
temperature to which th= liquid must bs heated in order to give -
off sufficient vapor to fozﬁian inflaumable mixture with air.
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Flash point tosts wers originally emnloyed, and have been used
extensively, to indicate tho firc hazard of a largs variety of
netrolowm rroducts. Their-use has been coxtended and thoy are
frequently emnloved to give information vhich does not relate

to fire hazard. For csxanple, the flash noint is sonetimes used
as a neasurement of the volatility of the liguid in cuestion, this
being an accepted rractice in classifying gasolines.

59. Flash points, determined on netrolsun ~roducts show
- a wide range of results. The more volatile gasolines and naphthas
flash et temreraturss considerably below 0°F. Potrolews othor
solvents and some srecial narhthas have closed cur flash Hoints
between 80° and 110°F vhile the rance for the korosones is usually
from 100° to 160%F, Gas oils ard fuel oils generally flash be-
twecn 150° and 300°F and the majority of lubricating oils heve
flash points batween 275° and 650°F.

60. The flash noint of the lower boiling Hetroloum fractions
is of definite value in evaluatin; the otentiel fire hazard
under conditions where a fire rnay be startod by exposinz the
vapor, at the corroct temmerature, with the rroper amount of air .
in the nroscnce of a flame. However, for the hydraulic and lubricat-
inz oils, which operate at temrcraturcs lower than that measured
as the flash point, the use of this detormination as a measurement
of the fire hazard is of little valuc.

61. To illustrate this point, a kcroscnc having a flash
point of 100°F can present a fire hazard in tho prosence of an
open flaae vhon oneratod in & systen vhich can attain a tauparature
over 100°F. However, attempts to evaluate the fire hazards of two
kerosenes having flesh points of 140°F and 160°F for this systea
oporating at a maximunm tamaraturc of 100°F gives no information
that would:show onc liguid to be more of a firc hazard than the
other., The same analory can be érawm froa the consideration of
hydraulic oil of 230°F flash noint when used in z system onerating
at & paximm tenperature of 180°F in naval equinment. The cvalu-
ation of the fire hazard by means of the flash noint is only of
valuc in showing that the flash roint is higher than the ordinary
operating conditions.

62. This linitation of the flash roint test for avaluation
of fire hazard has been recognized by the STk Coumittoe on
Petrolewa Products and Lubricants.? The view teken in this renert
is corroborated by thoir statsmonts -- “For 2 large nwaber of
nofroleun nroducts , namely tac class of lubricatins oils, flash
noint is not cotormined s an index of fire hagard , but rathor for
nurncses of identification and classification. The interrretation
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of figures is not siuple and as o zeneral ruls it may be said that
the flash noint of a lubricating cil bears no direct rolation to
its usefulness. Existing methods for determining the actual
usefulness or valuec in lubricating oils are not satisfactory and in
general it msy be stated that the flash ncints in lubricating oil
specifications is actuelly a mckeshift to comrensate for 2 larze
factor of ignorance.”

63. Extrapolation of the deta on an oil whose inflau-
mability is based on a flash noint detoermination should not be
made unless the conditions under which the extrenclutad comrarison
is made are comparable to those under which the flash -vint vas
deternined. The spontancous icnition temporature has cuite ob-
viously no relation to the flash noint, and it is considered
equally erroncous to estimate the inflermebility toward incendiary
missilee or toward the inflemmebility resulting when a hot exhaust
pipe has oil sprayed upon it by a measurement of the flash noint
of an oil. '

B. Fire Point

64 . It was observed of netroleu: hydrculic fluids that
the fire point of tha oil occurs only slightly above the flash
point, indicating that in the oil flashes occurring in -ractice,
burning roadily cnsued. A representative 0.S.-1113 netroleoun
oil, which flashed at 310°F hac a fire point of 340°F. Once the
oil besan to burn at this temnperaturc no further annlication
of flame was necessary for complate combustion of the sammle.

65, llany halogenated compounds have been observed to
fire at a temperature appreciably higher than the flash point.
A rough correclation has bean.obsarved between comrounds having
o large difference between flash and firc roints and the results
of their spray inflensabilitiss. Compounds having a s.call dif-
ference between flash and fire noints usually fired with 12%
oxygen in the flame nromagation chamber vhile courounds having
a large difference (chlorinated comrounds) required oxyren ner-
centages in the renze of 45-65 rercent. This cerrclation was
observed in a few cases and is being studieé further. While no
exceptions were noted,; too fow cases have yot been observed to
permit & relicble generalization.

C. Spontaneous Ignition Temnerature

66. The inflamabilities of several organic comnounds
and numerous hyrdraulic oil mixtures have been studied by neasure-.
nents of the Spontaneous Isnition Temperatures. There appears
to be no simple correlation between flash noint and Enontaneous
Icnition Temperature since many diametrically opnosite values
have been obtained, even on petrolewn -rocucts. For exan;le,
benzene has a low flash point of 13°F and cetane has the high
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flash point of 230°F, but the Spontaneous Ignition Temrcraturcs
of benzene and cetane are 1250°F and 459°F resnectively.

67. The syray inflamaability of thesc two liquids is
ecual since zach material irmites and burns readily vwhen sprayed
with 12% oxygen. The Snontaneous Ignition Temrerature is con-
cluded to be of no more valus in predicting the snrey or inccendiary
inflemwability of an oil in question than a similar extrapolation
of the flash point data to nredict the inflammability uader these
two circumstances.

. Ds Incendiary Firing Tests

6s. A series of firinr tests using 50 cal. M-l incendiary
bullets is being conducted in cooneration with the Bureau of
Ordnance to determine the inflammability of nrosent and proposed
hydraulic oils. Prelimincry data obtained indicates that the
incendiary inflammability of hydraulic oils is not dircetly
related to their flash noints nor their Snontancous Ignition
Temperatura. A fair corrslation hes bzen obtained batween these
incendiary firing tests and the laborstory flame nroragation nethod
already described hera. Those tests are still in nrceress and
will be reported vhen they are comrlated.

CONCLUSIONS AND RECOMI<ENDATIONS

69. On the basis of the experimental work and data nre-
sented in this renort, it is concludec that tho inflammability of
an oil cannot be zvaluated by an onc tyre of inflammability test
method. Hanr tines in actual nractice, onc srecific kind of in-
flamzability is a hazard to naval equinuent and rersonnel, and
one pronerly chosen test nmay be sufficient to measure the inflan-
mability toward this single hozard, However, vhen the oil in
question becomes a danger due to other »otentially hazardous
concitions, further tests are n2cesscry for vroror cvaluation
cach ono being s-ecially designecd to sinulate the actual circum-
stance. The zeneral firo hazard of an 0il under all conditions
can then be made only by a necsurement of the inflanmsbility
under several different circusstances. The nethods now aveilable
of interest for naval fire hazards ares:

(a) Flash noint

(b) Fire roint

() Snontancous Ignition Tomnerature
{dg Flene pregpagation of the spray
Incendiery firing tests

70. It is recommended that »ro~osed oils (and their base
stocks) be tested by apnlicaticn of the methods mentioned above.
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Data obtainad frem the tests will indicate the degrse of non-
inflamnability to be cxpected under the severzl actual hazardous
circumstances. This does not imnly that all these teosts should be
epplicd as a routinc nrocedure, but that the tests be mado on the
base stocks of the hydraulic oils of different tzoes to indicate
the inflamsebility of fluids made from this trpe of licuid.
Hydraulic fluids can then be sclected which heve & wide lindt of
safety undor the hazardous conditions to ba oxpoctod.

T71. It is rucomucnded that the method herein described
be further applied to the »roblem of develonin: licuids to be
used as non-inflammable hrdraulic fluid base stocks. It is
further recorcionded that the laboratsry results so cbtained be
checked with actual controlled scale fires in naval cguipment
to ascertain the valus of the laborator: methods as inflamusability
tests for naval hvdraulic oils.
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A.
B.
c.‘
D.
E.
" F.
G.
H.
I.
J.
K.
L.
M.
N.

TABLE 1
Lepend of Anmaratus Described in Platoe 1

Water outlct, brass tube, 0.D. 5/16", I.D. 1/4", lensth 1-1/4"
Chamber w11, brass tube, 0.D. 3", I.D. 2-7/8", length 15"

Chamber wall, brass tube, 0.D. 2-1/2%, I.D. 2-3/8", length 13-3/4"
Brass collar to hold "E", 0.D. 374", I.D. 5/8", length-1/2".
Porcelain insulator, 0.D. 9/16", I.D. 5/16", loncth 1-1/2¢

Copper electrode, D. 5/16", lonzth 6"

Brass nut, 1/2 x 20, soldered to "Z" as mart of electrode supnort
Brass clectrode holder, 2" seetion of 1/2" rod, 20 threads to inch
Brass nut, 1/2 x 20, scldored to "BM

Cut away view of jacketed chamber

Chroael-alumel thernocourle junction

Porcelain nrotectcr for theravcourle loads.

Water inlet, brass tube, 0.D. 5/16", I.D. 1/4", length 1-1/4"
Brass cap, 0.D. 2-7/8", I.D. 2-3/4", length 29, .235" hole

3/4" from bottom for spray gun, bushing 1/2" froa tor for theruo-

couple

0.
P.
Q.

R.
S.
T.
U.
V.
.
X.
Y.
Z.

Handle for cap; brase rod, D. 3/16", length 6"

Drip hole for waste oil, diametor 1/16"

Spray gun, artists air brush, Paasche tyoc HML-8, self centering
silver tir cnlarged to 0.71 im.

Burette clamn ;

Thermocouple leads, to millivoltmeter

Rubber hoses, 1/8" x 1/16", braided cloth covared
Metal comnector; snray sun nart

Resistoflex PVA comnector

Burette 25 ml.

Shelf bracket, 4" x 5"

Brass plate, 1% x 1-1/2" x 1/4", threaded to hold "Z"
Brass rod, 1/4" x 4", threaded to "Y", soldered to "G"



I.

GG.

TABLE 2
Legend of Anneratus Describod in Plade 3

Nitrogen cylinder, 220 cu. ft.

(FF) Pressure regulator

§F,S.U. ; BB, EE) Hoke needle volve, 1/4"

H, Z, DD) Rubber hose 1/8 x 1/16, braided cloth covered, fitted
with counlings Paasche ~orts nos. HL2406 and HLZ4S

?’, CC) Elbow nine fitting, 3/3v

J, X, AA) Rubber connector 3/8" x 1/8" x 3"

Rotameter type 1-A, with Dural float, Fischer end Porter Co.
(P, @, %) Elbow nire fitting 1/4"

(0) Tee nipe fitting, 1/4v

Reducer, 3/8" to i%.ﬂ

Pressure gauge, 0-50 n.s.i.

Mixing chanmber {see nlate 3-A for detail)

Tee pine fitting, 3/2"

Rotaneter type 1-A with catalin float, Fischer and Porter Co.
Oxygen cylinder, 220 cu. ft.



TABLE 3

Inflennmability Results on Hydreulic Oils and Fluids Tested

100°F Licuid Inflenaability
Desicmation  Descrivtion Viscosity Flash ct. Flou Bate % Oxyren Required
Spec, 0.5.-1113 Petroleun 41.8 c.s. 310°F 10cec.ror.win. 12%
Base 0il
" Hi i " #6Hee " 12
[] .n " n 5¢c t 12%
n n o " 3ce 1 13%
" n " 1" 1.8ce 1 1S
Spec. 0.8.-2943 Petroleun 28.5¢c.5. 230°F #1C.4cc M 125
Base 0il -
" " " u 10ce i} 12
il n " n 5cc " 12%
Spec. AN-VV0-366A Petroleum =24.4c.s.  200°F 10cc " 12
Bese 0il
" " ] u #7.3cc " 12%
uw n n n" 5ce f 12{:';
Benzene (c.p.) 0.62¢c.s. 12°F #17.6cc " 30-35%
" n 3ee " 12%
Cetane (95%) 3.lc.s.  230°F #*12cc " 127
, o n 5¢ce " 1%
Spec. 2135 Petroleun Lu-67c.s. 340°F 10ce 343
bricating 0il
n it I H 5ce u 36%
n 1] n n #Hcee n 33:3
Controller Chlorinated 41,3 none #3ce " 596
0il P.S. Hydrocarbon
Base )
1] (1] un L] 1033 n 61‘5;
Controller ' Chlorinated 41.8 350°F 10ce " 345
0il C.C. Rydrocarbon
: Base :
n i " f ‘?"300 n 33}3
n n n n 1.5¢e n 5 5;

* Indicates this flow rate vas observed when the liguid was allowad to flow
freely from the burette through the soray oun during oneration.
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