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l.BSTRAGT 

~B is the first in a series of studies of h,rdra.ulic oils 
undertaken to develor: non-i11flamriable fluids ~a u;e in the 
hydraulic S-.fstems o{ naval vessels and aircraft. t is necessary 
that laboratory tests be devised to si.mul.a.te e fire hazards 
of actual nractice under battl e conditions in order that the 
hydreulic ~ils develo_:led in the :,resent ,:irogram my be ::ro:;Jerl.y 
evaluated. 

This report describes~nen r.i~thod for inne.mm,?.bility tests 
on hydraulic oils by measm-ement of the o::cygen concentration · 
necessary for flame r,ro~gation of n finely etomized s:m1:r of 
the oil when a hieh tem:,era.ture ienition source is 7res~ 
The atomized s::1ra~ is itnited by means of an electric arc and 
the !)ro:,a.£:ation of the flame back to the s:,rr::.y source is ob­
served. The ,cas used in !,reducing this s:1ray is an 0X"J$8!l-nitrogen 
mixture whose comriosi tion can be continuousl~, varieC:. The o:r.reen­
ni trogen ratio of ea.s is c.rum::ed until the .1a1ixture ;u;,t ~1ro:;.:--asates 
the flame back to the source and this critical ox;•:;:en concen­
tration is a measurement of the inflasn:.1c-.bili t~, .. 

The analogue of this test in actual rre.ctica is the inflan1-
:re..bj.li ty of an oil s:;:ira;r rcsultin;: from the : 0enctration or r u~)­
tUI'e of a hi£h :,ressure hydraulic line ancl the subsec;.uent ~-:ro;:-,a;::a­
tion back to the line or the hydraulic re:;ervoir . The i::_nition 
tmder actual conditions may arisE:: fro:m <'. shell fra;..1:10!1t, incendiary 
bullet or from contact m.th a hot motc.l surface such as un exhe.ust 
;1i_:1e; but in any ca:3e an estiwltion of the relative ini'le.!.1.-ua.bilit:, 
can be made by a ~ro:,a~ation me~surement ~'ith increasotl o~zen 
iresent. The r.resent method is coni~red with the knorm 1:iethods 
for evaluation· of hydraulic oils and their use individually ~nd 
collectivel~ in nredictin~ infla.mmabilitv of fluil& is discussed. . . - . 

It is recommended that pro~osed hyGraulic oils and their 
base stocks be evaluated for inflaI:1.11ebility behavior b;1 u1easure­
ment of: 

a. 
b. 
c. 
d. 
e. 

Flash ~oint 
Fire z,oint 
s~ontancous il"llition tem~~rature 
Fi.a.me !,ro~eation of th•t s;ir-.iy 
Incondi.:.ry firinr; t3sts 

Otho%' re!'(>rts on the results of inflammc.biJ.ity m.:iasurenonts 
ueini these methods toecther with tha results of incendiary 
firiuc tests 1-nll ba submitted ut a later d;.,:.tc_. 



INTRODUCTION 

{a) Authorization 

1 . This rosoarch v.~s authoriz0c'. b;:, Bur-iau of Shi:'."?s as 
Project No. 1121/Li-2. 

(b) 3tatgmcnt of thq Problom 

2. In connoction rith th:i ~7ar Effort a consicl~rablo 
amount of resaarch ha.s been Z7"\0nsor&1 b" the Navv De,,artracnt 
in dcvclorine less inflaCU!labl~ or non-~1flarr.mabl~ oiis for uso 
in hydraulic systems and in other ::.1aval eC!_ui;:,mont ,:,,here the fire 
hazard is a IJOtential c!s.n£?;er to na--ml !'ursonnel 2-"ld ~c~ui::m:cnt. 
It is necessar; that l.aboratorJ tests br: devised to sfrrulute the 
fire hazards of actual ~racticc u..,der ~attla conGitions in order 
that l':ith such tests the hydraulic oils clevclor~d in the :-resent 
proeram may be ;1ro:,orly evaluatec!. 

J. One of the ~tential firo hazards fret:u1:;ntly e:ncountcrod 
in naval practice is thn :1enetra.tion or ru:,turc of a. hi.::;h-_:--rcs::;ure 
hydraulic line by a bullet or sh:ill frc.tmcnt anc. tha ~;reduction 
of an atomized snrav of the liouid hvdraulic oil b·, "'cl.~saP-c throur-h 
the orifice. Vil.1~n thio S)ray ~trike; a hot surfac~_,' s;:iontanoous -
ignition may result. The likclihoocl of ignition unC:cr these 
circumstances P.Ja.V be datcrr.dncd rou;,-h]:u bv a mc::tsur;.;:!llent 0£ tho 
s:iontaneous iznition t~ra:rioraturc;. The· laboratory vf.lu.:: obtained 
must be considered as a min:imum ~"\oint at ?:hich i!,.n.ition Ci.lll c-ccur 
and fire will not ncc0ssarily result in actual :·,ractic-.! since tho 
varx,r concentrations in tho :-•rox:im.ity of the o:'.!:::n hot surfac.., 
arc not directly cor.i.r'8rablo to the lil.):J.Survmc.nts ,::,;f s:..,ont&.n.::ious 
iznition tem:x~rRturc m.J.cle in ;..:. clQ::;cc. s:: stuu . · Thi;; stc.11.d2.rd tust J 

hov,evcr, is of li ttlcJ hcl~) i.11 :·-re:6.lctin,:_ tho oasc of ~ •rc:-:,aee.tion 
of tho flar:u:, thr'Ju,'.?;hout tho s;-,ray anc.1 back to t.l:10 brc.::u:: in tho 
line. This ro~ort dcscril:>Gs r.. method b•., t:hlch at,mizcd s·,,ravs 
produced from oils '"lro~-osc-cl for use in ;.ave.l lilihtar,~ C~•Ui "l'l;llt 
may be cYaluatod ac~ordi..""1~ to thoir r~:iatiitc ::biJ.it:: t-.:; ·:,r;:,a:ato 
a flame. 

4. Scv-~ral oils be,vo b~~u submitt~d to the kval ~s~arch 
LD.borator:, by e;rour,s undJr Navy contract to .:,crform r~sci:..rch r:ork 
on th.) dcvolo111nont a£ non-infl:.1r:u:iai)lc er loss-infli.J.IW?K!l:.,k fluids. 
Such lie uids ;,arv widclv in their inflamrnabilitv charactc:.-istics . . - . . 
'.'!hen measured and c·.-a.lU,..<i.tod l.r, 0rtlin&r-v ">r0coduros usoful in 
ovciuatin!;'. the fire hazards of ::otrole~.:-i~ base oils . Contradiction 
bctr1een laborator-.1 mcasurenonts of infla.ll1Ill8.bility s.nd :;ractica l 
exncriencc often occur· and arc Gxtrcnolv Gifficult to ox-~lain. By 
the method herei n described it i s :1ossiblc t,.1 ,'.)V-J.lti,:tu in th-: 
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laboratory the r,robablc incidence of fire tmdar a contlition known 
to occur in actual 7ractic~. 

(c) Known Facts BcarinP- on the Pr:>blcm 

5 . The determination of fl.ash !'Joint has "bc.::n used ox-
tensivcl:f as a mcthoo. of·measurin(; and evaluating the infla1,1mability 
of netroloum fluids. This- t..:::st consists of slot,b· h.oati.nF the lic.uid 
in an o,cn metal cu: · (In somo caces a closed cur, ;'lay h~ u;:;d) and. 
passing a small fl2..r,1'3 over tho cu:> at s::,ecifiod intar,,ils. The 
flash ,cint is takon as the ta~~crature at which a flash of flame 
a,r,cars on the surface of the li~uic, Evcluaticn of tho fire 
hazard of li~ht ~ctrolcurn fractions bv maans of the flash ,oint 
J:-.as been .fo~d t; bo verJ useful, ~-:c.rticulo.rl:1 on li,_uic.s in tho 
gasoline~ kerosena, and li2ht fuel oil.ran:csJ but its usefulness 
in r,redictine tho fire hc.zarcl •::,f roln.tivoly non-v,,lc•.tik :•ctroJ.cum 
fractionation cuts is not \,c11 cstablishud, In many instanc'-"sJ 
however, th;) flash !'()int has boon us.~d. tc desert be th;.; r...,Je.ti v;;; 
fire hazard of ~,ctrolGum encl non=---~1ctrolcl.ll!i hyili'v.ulic fluids , This 
ryroceduro has b~~n found hero to be ir.acl~ouatc , and~ nl.lLlb~r of 
different m~tho~s 'l"ii.11 b.) necessary tc match t~o nutur~ of th~ 
ill.flammabilit:r circumstance involved:, oach c..csit.nctl t·J obto.in a 
true evaluation of relative firo hazard. 

6. Tho fire :rioint a..-...;, be datcrminod i.".l the same a:,:raro.tus 
used for th,3 dotermination of flash :rioint. Tho fire :x,int is 
ta.ken as tho tomr,ora.ture ut 1:;hich the oil takas fire .and C,)ntinucs 
to burn for a ~oriod of at least five seconds. With many lo~ boil­
ing petroleum fractions as \7cll c3.s with me.ny volatile orcanic lis_ui~s 
the flash and fire rx,ints are almost identical, the firl? !~oint 
occurrwe only a fow do~ees above the flash :,1oint, Hi::h.:ir boiling, 
less volatile oils and fluids hav.:i a ~idcr tcm~craturc differential 
between flash a..'ld firo :.:,oints. This diffor.::ncc may hn.vo some edtl.:,d 
sitnifica.'lcc os,ccially vrhcn <1:..,:,licd to non-petroloUI11 fluids. 
A rouch correlation has been obsorvcc-. br:;t.:ccn this difference and 
the flame :,ro;_)a.3ation tcndcnci.Js in that the a-reutur the diffe:rc.ntial, 
tho more difficult the s~ray is to i!!Ilitc. 

7. Th;.:; S:•ontanoous Ignition Tem~,cre.turo (also kno-:.-:n as the 
AutoBcnous IE11ition Tcm:,craturo) is the lo~cst tem,craturc ~t which 
a sr.iall volunc1 usual],y a calibrated dro~) s~ontano9usly ignites 
wh'lil dro~red onto .:-.. hot surface,; in an c:nclos0Q s:;,-:ac;::. The determina­
t ion of .!utoe;cnous I;:nition T01:!: 'orc.tur<:ls b;r tho A.S.T .;;L noth'Jd 
is acconrlishcd b·, h;:!atint· a 125 ml KrL:??lI!lo•rur fl!:.l.sk fa a be.th of 
liquid s~ldcr, S~ll ·e.mo~ts -=if sannlc &rr/ ad;,1ittcd anC: th<:l t~m--,m:­
ture of tl!a b .. -:.th recorded at tho lot1~st iPnition ;·,omt. The tem:,ora­
ture of ignition is noted bv mcasurer.1ent ;n a thc~rnocou..,lc 0r a -
thermometer :·h.cod in tho s~lC-:.or bath. Tho voltu-Jlc of s~11:J.e admitted 
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is changed lliltil the amount just ~,roducin:_. ioiition is determined. 
This ~uantity is then used to determine the minimL~ Autogenou:, 
IP.nition Tem>?erature. It is n0cesS.'.l.r•r to ke,n o. sloF streai!I of 
uir fiowi.ne; durint th~ interval '.mtwe:n sam~l~s to remove the 
exhaust fumes and nrmridc .:. fresh o:{''P-Cn sun-.-1 v . . .. - .. ~ 

8. A modification of tho s ~ontnncous Irnition D~ter;ninction 
r'!hich nermits observation at much hil"her tct1noriturcs has i:>o,~n 
ma.do. ~ This a~1:;aratus consists of u - stainless skel cu;:· ••!ith a 
side inlet to furnish r,rcheatcd frosh air; and ~rovidcc ¼'ith a 
therr.iocou:ile for tom;:i~rature moasurcm~nt. I£ni ti~m tc.,,.~c:;.•atur,~s 
obtained in this a:::,:,aratus may be :much lower thf".n those obtn.incc-'i. 
in the A.S.T.M. ;;;lass vessel since tho metal b:· catalysis may 
lower the S~ontan.:.ious Ignition Tom!'oraturc. 

9. Tho conditions under 'f'.'hich the S:-,::,ntanoous l£!1ition 
Temneraturc is detormincd must b0 snccifiuc i.11 ortl~r that tho 
re~rtcd value may bo re:1roduciblc. h ::;umc 1.Jf the .fo.ctors i7hich 
sh-:>uld be controlled ant ro:1ortcd o.ra: 

(a) Si7.e of sam~le dro, used 
(b) Rate of SU~!)ly of air to ignitbn chc:.!!lkr 
(c) Volume of i~ition chamber 
(d) Tcm,erat urc ~f incoraing air 
(c) '.!atcrial uscc. for construction of ch::lmb:3r and 

material ur,on r:hich tho ore::.~ imriingcs 
(f) Time iute~l bet~c,)n dro:,lcts 

10. A firo hazard kn'.Jrm to c:dst in octual :' ractict: is 
ono rosultinr, froiil the wnotration of a hydraulic s:•st0e b:r hieh 
CXl')losi vc or - i..-ricendiar:1/ missj los. Tcst.s at b'.>th thu Naval .1.·r,winr, .. .. -
Ground, Dahl e;ran; Vir~Jnia and 'fri;::ht Fi-:l<i; Da:,-ton, Ohio shov:cd 
that ma.nJ' .fires were started by sh:Dtin:: bullets throu:_:h &x_:-,eri­
meute.l cans (1 eal.) ccntainin: tho :··etnlcum oo.s,..i 0ils ,Jf tho 
t:-rnc now used in nRv-.::1 ocui· ·,ir.ont, Althourh fixes cP...n b<) stc:.rt-..'<i 
v1h~n 50 caliber hi·h ox.-.iosiv~ r..r inccncli~r7 bullots ..:.re fired int:i 
the oils directly,-a much lar:or :')Crccnt~eo· of fires can bo obtained 
when thero is _'."lacod in th:i line of fire metal ;-,1.:.tes or 1!baf fle 
rylates 11 thick ,:m:,ui:·h to frC.l"'JU;)Ut a.."?.d irni tc thu bullot on im...,e.ct . 
If tha one· E,nllon ~ of oil is :,,laced-ondv:isc so th.it the b~Uct 
passes throueh the laricst dimonsi~n 1rith tho burnin~ missil~ L~ 
contact rd.th tho oil for tho mrud.r,u.'il time i the r.-rcatost :-;orccnta:,;o 
of fires is ·obtained, Practically 100;,; of fires can b-:: ~bt.:?.incd- usinc­
this method on ,ctrolctu:1 base ~ils . The use of thes~ inc~ndiarics -
in modern warfare r•roat~· increases the fire hazard an~ vuln3rabilitv 
of naval cquirment-whosa ~ro~~r fUr.iction at ~resent dc~ends u:mn V 

the use of inflammable liouids. Armor r!iorcin.c- ::shells arc also 
kno,m to r,rod.uco fires, . b~t as the infl&rraabilitJ' is :-·roducod by 
the heat of impact, the ~-'.lrccnta.zc of fires is ~uch lcs::. than 
under incendiary fire. 
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12. Several now techniques have bcon ~ro,osod and used 
ey the Standard Oil Devclorniont Com~ of New Jersey to obtain 
indicatiODs of' the infl.ammabi:llty of hydraulic oils tmdcr varying 
conditions.4 One of·these is to sr,ray the oil onto a hot surfeco 
and observe , by means of an qTltical '!',yrometar nointcd at the hot 
surface, the E.l,z,proximate te~rature• at rmich the materiai burns. 
Fires can be obtained in this way using Som.? volatile and somo non­
volatile oils, but the values arc not very reriroduciblc. Howcv.?r 1 

many common hydrocarbons, for example benzene, which is usually 
considered a sori".lus fire hazard, could be burned only with craat 
difficulty requirine teID!)Oratu.res ovor 1700°F wh.m tostod by 
this method at the Naval Roscarch Laboratory. An,.:ither inherent dis­
advantaeo aside from such an obvious discro!)Qncy is that the ratio 
of concentrations of vapor end air is not constant but wries from 
?,X>int to r,oint throughout the system and is not know. at or near t.ho 
point on the surface were tho ieni tion occurs. F.cidy currents of 
air, ffllich are ovor :.,rasont in c:,cn laboratory tests, constantly 
carry the va~rs of the material under tost fr-:>m tho S!)Ot of 
contact with the hot surfaca, anG the occasional flame is r,roducGd 
at the :,oint where a favorable icnition mixture comes in contact 
with the proper catalytic surf&cc. Once igni ti•:>n has started., the 
remainder •:>f tho gaseous mixture in the im:1ediato vicinity burns 
roodily- from all directions to the ;'.lorinbcrv r-.'hero th.? volatile 
W.!)Or concentration is too low to b~ inf~bla. 

lJ. A modification of this hot !)late test has likertisi;: 
been usod by the Standard Oil Devolo:>,nont Comr~· i.11 llhich dro:1s 
of the oil or li(luid to be tested are allowed to fall an a S)iral­
coil tYr>O of electrical heatine element in an c~:-on system. 'l'he 
tem,oratura of the element uire is incre.:is\ld 1.mtil ie;nition occurs. 
The temperature is then determined °bl mcanc of an O!'tical !iyromctcr. 
Hero at,'8.in. no attemrt bas been mE.de to control or o.scertain tho 
gaseous mixture in the ilmned.i.atc vicinity of tha surface. In ad­
dition to this spontaneous ignition, a dotormination was mae.o in 
a ~1m1Jar manner nth a smll .fla:cte iust over the ">Oint of contact 
of oil and hoe.tine element. This val..ue is desi~too ~s the 
ignition r,oint on a hot surface in the riresenci) of a fl.a.mo. 

14,. Inflammability studios at tho Petrolaum Research 
Laboratories at Pennsylvania State Collozo have boon carried out 
usinz a coramic- 1.ika "elobar11 boa.tine clement.? In this test., 
the element ms heated elcctricail.y nth thl:l rate of hcatin.~ rcf;U­
l.ated by means of a "variac" voltaec controller. Dro:,lets of lic:uid 
were allowed to fall on tna zlobar and the ~rosenco or absanco 
of iznj_tion was noted. An or,tical ;:-yrometor l'/8.S used to measure 
temperatures at which ienition occurred. Results of e.ttcm:--ts 
to determine infl.amlllability ~ this ncthod showed that drorlets of 
liquid sometimes burned and sometimes bounced off· without i£Uitin~ 
or va.:::,orizi.nz com:,letely. A medicinal atom.zcr was usad to s,ray 
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tho liquids onto the bar and lllluor these circumstances certain 
volatile low-flash ~oint hydrocarbons test~d a~~eared to burn 
(c .£ . benzene and n-hoxano) while the non-volatile hydrocarbon 
hydraulic oil base stock failed to ignite. Tho effect of surface 
catalysis on the icnition wa.s considerable since it res foW1d that 
metal, whan used in ,?lace 0£ the f;loba1·1 causoo igniti:m more 
readi~ than did tha cor.:unic e.,lobar; althoue;h the metal was ker>t 
at a lower tcm;:,eraturc. In other tests a small stream of li(!uid 
\'m.S allowed to 1.m~,inga on the zlobar and under those conditions 
all the liquids that wore tcstcc, ignited. It nras concludad1 on 
the basis of these tests, that undGr sufficient im~ingine ;irassure, 
oven tho less inflammable matari.11s will bum. An important variable 
in those tests was tho non-uniformity of canccmtrations of lic~uid, 
va.1')()r and air at tha 11oint on the surface where contact with the 
g.l;bar., and subse(luont icnition, occurred. Since these concentra­
tions arc 1.mcontrolled and are affected by oddy currants .'.llld room 
nuctuations, the ienition values cannot be ox!)ected to be re­
producibl e . Some ;)relimina.ry rasults obtained in the manner dc.:scribcd 
above were rcr,orted as follo~s: 

Volt esso 36 (a~~rox. 
Eteyleno elycol 
Dimethyl silicone 
Trimat~vl clios~Jiato ~'.: • 4 

,ooo flash r,oint) - - Burn,:xi 
n 

II 

II 

No further data was ef.vcn on these inflarmnabilitios. 

15. Fla.mo Pr·)na,-ation S-:,3cC: Tests have boon used b•r the 
Underwriters LaboratQ~i;s on mi~turcs of c0mbusti ble ~asos· used 
as rofriforants as a method for the evaluation of the-in6lammubility 
which ,roximate~ CJntlitic.ns m~t tith in actual ~~ractico . These 
tests consist of itnit ine a mixtur~ of :uses to be tested in an 
expl.osion cylinder mac.e of hc~v-.r stl)el. The ignition of t h0 easccus 
mixture is dono by means of 5. s~rk ~lu;: and tho ::rorr.:;ss 0f the 
fl.rune front is determined b~ r,hoto.::;ra~ilis me.de .:·.t rccular i ntervals 
alon: the tube as the fla.I:.\e front !)D..Csos from the i~-nition source. 
In thos0 tosts~ it was found that ~ro:,anc, tasolino, and methyl 
formate all !)ropaeatod flame .:.ta.bout the same s:-ieed, wharaa:s 
meteyl chloride bad a different and much slo~er ,ro:,aiation rcto. 
The COED!'OSition of eas or va,or-air mixtures emr,loyed tra.s carefully 
controlloo anq selected as that mixture r,roc.ucint the max:i.m\llil 
pressure in exr,losion ~1ressuro tests r1roviously made. Tms lllCthod, 
although rcquirini a more cl.a.borate a;:,y,aratus, has many obvious 
advantaeos for research purroses~ and has the soundest basis from 
a theoretical standz:ioint, 

(d) Narrative of tho OriP"inal Wgrk Dono at this Laborator,y 

16. It early becama a,;iarent that tho flash ~oint, fire 
,oint, and s~ontanoous ignition tom!)Oraturo moasuramonts either 
alone or together were not ah'!ays a,:,ro,ria.tc nca.surcmants for 
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evaluating tno fi.To hazard rdth regard to all :,ractical circum­
stances. Ti~ notable hazards mi.ch aro not adcc:uatcl;:r cvuluated 
by those usual determinations aro (l) the :,cnotrv.tion of h~draulic 
systems by incendiary bullets or shells and (2) the iznition of 
a fine s~ray of oil from a broken hieh ~ressure hydraulic line 
impingine on a hot metallic surface and the ~ro~1aeation of th~ 
flame back through the mist to tho oil reservoir or line. 

17. Tests be~ at the Naval. Rosoarch Laboratort to evalu-
ate the fire hazards with stendar<l llOtroleum tests resulted in many 
apparent discro~cies and irrceu].aritics. A literature invcstiza­
tion ;;as then made t•:> find methods more suitable for use in tho further 
evaluation of iDflam.r.iabilit.,.. After an extensive search it ¥.as 
al'!)lll'ent that none was avaD.able. Invcstieations ~crG then directed 
toward the d.evelo,:imcnt of r.icthods of test clti.ch simulated, us nearly 
as possiblo, ·actual. fire hazards cxistine; in naval :,ractice. 
The first crude tests consisted of clro~:-in:: lithtoo rods or r¥•£:­
nesium into the liciuid under c:xaminatbn anc':. obsorvin~ ':',bother or 
not tho liquid ignitod and burned after thu ma!!D,CSiut1 bad dissi,:Jatcd 
i tsolf or ~"'Come 0ucnchod. Man,• of the '">ctroleur,1 bas.'.l oils burned 
readily 1 '!'lhcrcas ;ovoral chlcr~..;.tcd or2;rurl.c c:,?1:~-ounds <~uonchod the 
burnine; mcto.l and- did m,t burn. Alth~ur,:h th.:: tcm~r.s. turo of th'3 
burnine magnesium Yras hi~hJ t'lakin;:; the test s"vcre, the rcktivc heat 
ca:>EJ.citios of ma;:.-ncsium and oil sulll:,l~ \·,ore involved rnakint the t.::.:.::t 
unrc:,roducible and l!lUCh too qualitative. 

18. The next stc~ in tho investi1ation ~,as the construction 
of an a~rie,ratus ~"hich consisted of a tin ca.~ ~ountee vertically, 
holdinz in tho to:i a burn.in[; rod of m.'l£nOSium. sus~ended on a ~ire. 
A hole ':78.S :)X'ovidcd in the side of tho can close to the bott0n, 
and t..riroueh it \'ra.S s;,ra.yoo. a fine mist of oil in air. A h,.)uschold 
insecticide s~rayer was used for the clis~ersi~n of the oil as a 
S'!,)ray. Petroleum oils fired readily in this a1~:):lratus ruid the 
resultine ra,id combustion readily blew the to~ off the can. 
This emlosion and subsec'uont removal of the can toT; was t.-tlten r.::,; 
a !)OSitive infl.a.mina.bility test. ChL::>rinated hydroc~rbon ll',i:11..-tures 
under test did noi fire or ex:ilode ~;hen the ss.mc ei";:'erimental con­
ditions were used. However, considerable evolution of smoke ms 
observed frO!.'I. the sriray of these liq_uids in contact rlth the burnine 
magnesium. 

19. This sim~lo vertical a~::_1aretus was im~roved by mountins, 
within the can, an alectric arc consistin!! of two horizontal elec­
trodes, and alloYl'lll£ the electrodes to touch; u~on release they 
s~rune a!)al"t and ·an arc tlisch.arec dcvelo:i-,"'Ci ignitine the s~ray 
more efficiently than tho burnine maenosiurn.. La.tor it \'laS fi,und 
desirable to use a.n ckctrical S!)ark discb:u-te aJr-'8-ratus so 
that a hi£h voltaee s~rk jur:ir,ed tho arc !:a.l"l and automatie&.11.y 
started the arc _by reducin:; the ~ari rcsistruico. This modification 
made use of a :n,ish button to start the arc in ~-.lace of the manual 
touchine ·of the electrodes. 
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20. The results of ,r.:iliminarr tests on this ryro--iu ,,.ati-:>n 
aTlna.ratus shovmd that some ~ils rroulil burn readil~, in° aii- ;ml e ·" . 
others were non-inflammable under those conditions. A divi.si0n 
of the results mis made into theso two groups. Inas:::iuch as the :Jxygen 
content or air va.rfos with the altitude it was thought advisable 
to evaluate the oil mist inflammability by decreasing the oxygen­
nitrogon ratio until the critical val.ue TJaS roached ,-:here i.nflan­
ma.bility j ust could be noticed. It V!B.S also realized that thi s 
critical va.luo at at.~osriJ,oric pressure r::::..y be used t:) retc tho 
various oils as regards rul.ative inf'lru.:unability. 

21. Apparatus r.as therefore canstruct...">d f -;)r ·,lroc.ucini:; a !m~>mi 
oocyie."'l-n.itrogon rd.xturc f or sr,royine t:-10 oil. 'l'hc ncccssc.ry :jxy-
gcn end nitro::;e!l tanks !lOrc y,rovideti "'Jith w.lvos, 4:,-t;.s i .iixi.ng ~ui;"i­

r.1cnt mid flJ-:.:lCtors t:> :.:icnait c.:intr::>lJil-ie und lle;tcrin{; the ~"7ccn- . 
nitroec..'l rt..ti:> of the :tlxturo. As tho test unit i s no":1 c;;nstructocl, 
the o-x:,gcn perccntac;c of the mi..--durc can be incrca:Jcc. to a ):>i nt 
\'mere tho CX°l:1-:>sioo ar fir~ ro~ults. Thi!:: o~•;:;on :;=lOTCC-i"'lU..[;~ is 
tho basis £or ovaluntinc the fluic: c.s to its fkao ;·,ro?-"..ic..tion 
ability 'ilhcn .i."l s~-::ro.y forr.. 

22. It r1us found that the s:,r~y iun CUI'?_'icd ti .. c liquil 
'into tho nozzle by tho as-::,irutor ·c£i'oct 0f the ~Ming nir. Sinco 
this effect ro.s cunstr...nt throt-iehout tho determinations m1d the 
orifice size mis illom.se co::istcnt, th~ w:i.ount of oil ;-~ssi~ t0 
tho orifice vnricd invcrscl:7 ,n. th the viscosi t~• of the fluid. 
For e~:pl c, benzene h:td n fast rate whcrc~s SAE #60 uotor ~il 
had an cxtrooel:r sl-:>w nor.. To :::.cl::c the: a~;-arntus inC:c;'CDC:or1t 0f 
viscosity, a r.!oterille tuw ;,,.:ts inserted in tho system and the flr,r: 
to tho sriray eun 1:1as controlled t"'.> i::ny dcsir(;d value rc::,m'tllcss 
of the as'1i.rator effect of the run or tho 0rcssurc effect of tho 
li,.lrl.d coltll:ltl in the burotto . ... • 

2.3. Apr,c.ratus has alsc been constructod for the dcter:ri.i."12.-
tion of' s,ontanuous i~nition tom:,cruturc in a stainless steel a~~~­
ratus ::,rovided with v. c,:mstant st.ream of 1'1Ul'n ni.r. tiw-;s t.t;tcrmi­
nations r..avc been made bv this :~cthod in nn .:lttcunt to cvr.1.~tc 
the dn:t.:l tmd intery>ret it a s n.'1 indic.."!.tion of the,. proba.blu fire 
hazards in naval oqui~ent . It was notod that :;nny discrc~cics 
mich oxistod rlhen attem,ts vrcre rode to e'11:.lootc tho fire hazard 
on the basis of flash rmint_. firo !'Qiilt or s:iontanoous if.nition 
tc:u~raturc alon0 disap;:-.caree TThen the data obtained b-,r th~ S"lray 
test heroin doscribod ere als~ t~kon into consideration. 

24- Incendiary firi ng tests Dre bci.11,c: me.de on ncv.1:-, 
developed hydraulic oils t o cvnlu.;.te their inD,"i~,..,1bility charo.ctcr­
isti cs toward this actual practi•.::: hazard e.uc! to :~ormit correlat ion 
ttlth tho results Qf the leboratory tests. A de~.:.l.ed rc-;_---ort of 
these fi.ridines C•)vering a.11 tho hytre.ulic fluids invosticatad t,ill 
be made ~hen tasts are com~loted . 
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.iaTHODS 

(a) Apparatus Osad 

25. Tr..c nothod herein dGscribed for the uaasuroment of 
tho spray i.nf'lo..r..me.bility of hydraulic oils by determine.tion r:if 
the fl.aae r>ropa.fe.tion of tho oil in s,ray form. utilizes an ar,:),'lro.tus 
cansistin!:" of a cvl.illdri~l "'.lr!>-r,ar-ation cb.:u:loor constructed from 
t\70 conc~tric bnss tubos. ·Th~ tc~~ vie;, ::,f t he chamber (Plate lA) 
s:ioml t,1:c into27"al parts end the <~i."lallsions of the tubo as constructed . 
A ::.ne M nra brass tubes of l/1;" dia.mctor, silvor soldered into 
the outer bre.ss tube scrvinr. c.s vrater outlot and inlet, rcs:r,acti vc_'J:J, 
for the cooline jackot. E and C ~..: tho co.."lcmitric c:•lindors Jl!£ldc 
of brass telescope tubizle to form tho nain body of the tube. Brass 
tubing of 5/811 diameter (D) was silver solC:.erec into the :r.iain body 
tube to servo as holders for the t".7o ~orcclain insulators (E) fitted 
on ei1ch side of the tube. Elactrodcs (F) ,-:era constructec! of 5/161l 

cop,er roo and nere fitted sacur~ly into throa~ed bress holders. 
The ho.xaeonal nuts (G) !r-rc fastonccl to the base :me nuts dcsic­
nated (I) ,1ore soldered to tho tbrcoood . brass olcctrodo he.le.er. 
Those nuts (I) war~ painted rith c~~nsucutivc t.uobers about tha 
bc:meonal s ides st.> tt..n.t the nu:.ibcr or tu.-ns could be oo.sil.y rvac! 
and thus fr'lm the nuraber of threads r,or inch, th~ okctrode s:)i'.icin::; 
could be ascertained. Tho c.ottcc. lines shomi as L i:ldice.tc the 
load m.res fr<llil a thermocou;,lc MVi.ng its hot junction .:it K. This 
couplo is placed midmty bct,1'3en the oloctrodos and the roar and of 
tho tube. The lo,1er ond is closed ·,r.i.th a tiehtl~ fittine brass ca;) 
(N) \'Jhich holds a porccla.i..~ thcrmocou:)lo insulator in tho top :md 
a brass rod (C) ,assin~ throue;b the center of the ca:- to serve as 
a handle. A 0.235" diameter hole tra.s made near the bottom 0£ 
the cap to acc0L1odato the nozzle or the spray [;l.m. Oneorneath 
the cap near the lov.-er . ec!ze, e. hole 1/16" d.:i.a.I!ICter, provided u?1 
outlAJt for excess oil drippings ?.hich colloct in tho lov;er end of 
tbe tube. Tho foniard end of tho? tube ~s left open to the o.tmos­
phere to decrease the explosion danger. The velocity of air throueh 
tho tube ras sufficient to prevent appreciable diffusion in from 
the atmos~ore. Tho chamber was rigid.cy supr,orted by two pairs 
of 411 x 5n sh.elf brackets using the lone side at one ond nnd the 
short side at the lower end to give a s109«3 of about 5 def.:l"eos u:,­
mrd • . 

26. Plate l shor.rs tho ~o~tion chamber ttmmtcd with 
the spray eun (Q) held in position by mc~.ns of a laboratory cla.!:ip · 
(R). Air supply con."lection to the ap~ratus mis mda throue}l 
rubber hose (T) and ,,c,s fnstene?l to the gun by thrcudod metal 
connectors. The oil burette (fl) ;~s connected to the spray E1.Ul 
TT.i.th Q. metal fittine (U) joined to the :;las::. by a sh:>rt length of 
Resistonex PVA oil-resist:'.!'.t tubin;::. Th~ tv:o l eads desienatod 
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as Sare thermocou.~la wires from the chromel-alumel cou~le and are 
connect~d directly without the use of a cold junction to a O - 10 
millivoltmeter. A small hole nlaced at P rcloosed excess oil 
from tbe :,ro~zation chamber t; a ~lass crystallizing dish ~laced 
beneath this point. A lGeend ;:iving tho detailed d.:iscri:ition of 
the a~,aratus shown in Plate l is listed in Table 1. 

B. Electrical Irni,tion Sirstea 

Z/. In viaw of the dilneer involvod durins th~ burnine 
of some of theso oils in ox;::re;en-rich atmos:::,heres it 'l'mS consid:'!rcd 
advisable to strike the arc by maans of a b.i!!h tonsioo. s:,ark, 
rather than use a manual system of arc~:- In addition_. the ckmzer 
of electrical shock to the O:Qorator is !!li.nimized. Afti?r construction, 
the s,u-k ignition method ,:vas f'ound to o.ve the added ad.vantaze of 
ma.kin" nossiblo a more uniform S"'l8.Cin~ Qf tho alcctrcdcs. Move-
nent ;r·thc individual electrode; to itart the arc is unnecessary, 
and an initial adjustment is allowed to remain durine several 
inflammability tests. 

28. The system of s:iark if;1litian used L'l this '\'rork ~ns 
essentially the.saoo as that dcscribod. by Broclo:lan end Hoc.kcszang 
Vlith the excer,t.1.on that 110 volts D.C. ;-w.s used for the arc instaad 
of 250 volts D .C • The mothod consisted in the :production of hieh 
volta~o alternatine current which was used to ~roduco the ig:nitint 
S!J!lrk. Upon impression or tho s,ark across the z.:.:,, the; 110 volt 
D. C. arc ignited and continued to burn .. Sinc.J it was only noces­
sary for a momontary S7-U'k to bo used, a butt,.>n t:ryc contact s,titch 
uas used and unon release of .,.,ressure the A. C. circuit ms broken. 
Plate 5 shaos the electrical ~ircuit as used in.th the n:1::-aratus 
herein described. The _::-.arts are listed .:is follows: 

S-1 
S-2 
S-3 
M-1 

R-1 
R-2 
L-1 

C-1 

C-2 
G-1 
G-2 
T-1 
T-2 

Double :,olc line S\ti. tch 
Re1Ay1 1.5 am.~. 1 110 V. 
Push button smtch 
Electric clcck, synchron,)US notori tiirlnt time to .01 
sec. 
Bank of cone heaters, tot~l rcsistanc~ 5 ohms. 
R<Jsistor, 1 r.iogo.hmJ l rro.tt 
Filtor choke, 112 turns. 5 in. diameter, 13 turns 
~>er inch> 16 £:e.Ufe cotton-covorod C'J::':·;er -:.'i.ro on an 
insulated form. 
Condanscr 0.0J 1ni'd. ;uade from windowr.-L::.ss and cot:ier 
fail, 39 ·01ectrodes each 6 x 7.5 inches 
Condenser 0.002 me., 10;000 volts D. C.; mica 
Analytical ea~ 
Auxiliar.: za:: 
Air c0re transf o:rmar L, = 2 turns, ½ = 20 turns 
NeQn transformer 110/7500 volts 
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29. Only slieht dcrutions in the oriEinal descriJti~n 
woro made; a !1l'()toctive resistan.ca \-ra s inserted in the circuit of 
the :first transformer 1 an electric ti.L1cr was acldoo and soma r.u.nor 
variations were ma.de in tha smaller :-iarts du.; to scarci ti~s. 

JO. The ignition system as described nus fotmd to o~erato 
woll and greatly facilitated ra,!)id detormination . At :firct carbon 
eloctrodos wre used., but ·were round to burn and thus cbanee the 
s,acing ra:,idl.y. As a substitute, co!'!)8r electrodes Tlcro used 
and wore found to remain at tho s::uoo distance for many individual 
determinations, since no ar,:,rcciablc burning of the m.3tal took 
pl.a.co • 

. :u. Tho s:u-ay gun used was a Paaschc air brush, mfer., 
model ML-8, (Pl.ate 2) o:f the tY!)0 used by artists for creative ert 
and rmotograph rotouchinf. It 7a.s · seloct-3d for use with tho :,r1J:,nga­
tion chamber for tho follovr.lng reason: (1) It aavc satisfactor; 
results mien used on low zas pressures (25 to 30 ~si); (2) · It 
had a short liquid :,assacc to the tir,; (3) The rate of li(luid 
fl.ow-required for the ~...,roduction of a finol:,~ atotdizcd s~ray vm.s 
sznall and -sas more in ko;;:,inl" ':'Ti.th tha am~unt or oocyeen cantainod 
in tho pro!'(leatiou chamber, (4) The ti:> of the air brush m.s 
!)'l?'ticular~r a.dar,ta.ble to the chamber used since the orifice ti~ 
c:>uld be .msi4' fitt.Jd to the brass ca.:,, ellovri.nc no atmos ... 1horic 
air to enter and di1utc or onrich th.:> carofull:' re[iulatcd fas 
mixture. Artists' brushes, of different d.?Sitn, 'i7erc available 
that oquall~d tho Paascho in s~ra.:inC ability, but their Llodifi•• 
cation for use in the ccui··n:~nt at h.md roouirecl adD.'1tors of dif-. ~ . - . 
.ficu1t machanical. Gesien. T~ Pae.sche brush had contr.:>ls :f,.,r air 
and oil no'7S but thes.: wcro set to .)r,eratc continually at :maxi-
mum value~. Tho silver neoe.le r--ra.s further acljustad at ll-141 so 
that the flow, whEm maintained at the minir.1um lici.uic. flo,·, .:l.dj ust­
mont, eave a s:,ray :,att~m whicl"J wns cODic.:.l in sba,:--c reachin,: c. 
diamotor of 3" at a point 12 inch.as from the ti!). The s:,,ra.y 5;un 
vas momtod as shovm in Pl.a.to 1 rith the lonzitudinal axis in lina 
ui.th tho m.d-!)Oint of tho s~k znr,, thus the s~ra;.r tra.s directed 
uniformly with a na.ximum cf oil cist roa.chinz the turning ~lec­
trodos. 'it vm.s obsorved exr,or~tal.ly that this s;,ray t-un adjustment 
!'f'oducad tho most inflammable s~ray of all those ~ositions testod. 

C. Gas i!easyrement and Control Devices 

32. The solo inlet tor fa.S in the ~ro~gation chamber is 
through the t1:::, of the S!)ray gun by way of tho rubber ~ubo and 
metal connector. Although tho ond of tho chambar is or,en, no 
appreciable diffusion or dilution vd.th ati..10s!)horic air occurs 
since the air now throw.h the tube is in cxcoss of 10 liters ·iar 
min. Solle clxint and diffusion undoubtod~v occur ct the extre~ 
.!Ild of the tub,3 as the s:,ray omcreas, but none has been noted in 
the C!Tlinder batwocn tho electrodes ane the s_!)ray c,m. 
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for the determination of the inf'lamoabilit:, of an·oil. Tha rus:?r­
voir burette (ff) '1'18.S filled with tb.a liCluid under study. Tho finger 
lever an tho cir brush (M-36) was fastened tir;htly in tha 11on11 

~osition. Gas tank ~rossuros ucre then adjustad at tbu reduction 
valvas for oneration at about 25 -,sL With the ri!mainder of the 
system opcn,.the Hoke needle valv~s at the base of tho rot~~t or 
tubes (F and BB) waro a.djustod to :·roduce the dasired o~•aon-
ni trogcn rdxturo . After o.11 adj ustracnts hll.d baon made tho zas 
was allowed to now for about 1,.5 seconds to sottlo do~ to a constant 
flor., and then the fiowi:l.3tor readi.nts wer;:i chockod. Tho buretto 
sto!)Cock was then o:,cnQd . allor.ing tho liciuid t-., s:ro.y. Aftor con­
tinuous~ sr,rayine for fif't.::on seconds., smtch S-1 (PlatG 5) was 
connected and tha A.C . !'lllsh button ..as oom.cntarilv nrossod. 
Simultaneously m.th thj.strikinf of the arc, an ;:ii~ctric clock 
was started and the arc m.s a.llo,'led to burn for five seconds, after 
which time switch S-1 was o~onod. mian the f~~ )M:,aeatod fro;n 
tho arc back to the gun, it ~assod the thoreocou~lo and thus actu­
a.tod the .:Ullivoltmeter. When tho tillivoltuotcr rogistarecl 1 mv. 
or 1DOre within fivo secoods, the tast r:a.s considered !,)'.JSitivc., 3.11d 
the m;recn concentration was lol10red until the th~rriocow.:,le :;::otcntial 
\fflS less than one millivolt. In this manner the ~ -zen percontago 
necessary for combustion could usuall:,· be ascortainoo to ~ ]$ in 
t he lovror ax;ygen porcont.e.ees and ~ 2$ in the hither ranees. The 
observation was usually accom~ed by a muffied ro~,ort1 the intensity 
of which increased as the critical imomit of oxrean r.as exceeded_. 

40. Between each i.n.f'J.a.::mability tost, the cha..'lber was 
allowed to s-::eeTJ out frOl!1 one to five r:u.nutes de,.,endi.n€ on the 
ty-pe of oil und~r study. Tho electrodes were rom()vod.1 cl~--d .md 
respa.ced at least once ovary ton arc disclw.r,!!oS. It ,.as found 
naccssar: J however J to clean th~m mora ortan { in tho extreme caoo 
ovary time) tman consistent results coul.:1. not be obt.:..inod other­
wise. This :,rocaution res os~cial~ noccssar;• when testine 
oils r.hich charred rae.dily on the hot elactrod.os ; B..mzo.no \7D.S 
:,articular];, troubles'Jme in this ~c.e;ard. 

41. To consarve the :,uro gases usod in the detarLli~tion, 
air from the laboratory lino uas usoc. for s,,..oo:-·in!_: out the chdlilbe3r 
dur.ini tho one t o fivo r.ri.nutes bctr!eon duterci.nationi. . A rcducti.m 
valve ai:mjl:lr to that usoo. on the eas cylinders in Plato 1 1:-:a.s 
used an th<) air line to give 25 :,si :,rossure and a floy; of ten liters 
per 1i1inute. It , .>as neccssaey to !)le.Ce a filter of ~kss wool ·in 
the air line to rrotect the vc.lve mid th,'l air brush frOlll contami­
natioo due t o oil or dust in tho S;'stam. 

,42. After a series of infJ..ammability tests on a ~iven oil, 
1 t vra.s found neceSSUl"'! to cox:mletelv cl8c1ll tha a:rw,aratus baf oro 
m,sldne tests on a sec;nd liquid. Tho burotte, s~ay gun, ficxi.ble 
cODllectors and r,ropagation chubor were cleaned .by running about · 
twenty ml. of' benzeno throlJ&h tho asscIJblod ~ui!mont. It r.-1.s 
often found necessary to co.apletaly clean tho combustion tube by 
removine ca.~ N from tha :,rora,eation cbambar and thorouehly smbbing 
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29. Only slieht deviations in the oritinal doscriJti~n 
wore made; a !Jrotecti ve resistanca ,;as inserted in tha circuit of 
the first transf ormar I an electric ti.t.1or 't'!aS acldod and some r.u.nor 
variations were made in tha smaller :,arts duu to scarci tfos. 

30. The ignition system as described mis fO\llld to o:ierato 
wall and greatly facilitated ral)id dctormination. At .firct carbon 
eloctrodos wre used., but ·wero fomid to burn and thus chante the 
s,.acing ra:,idly. As a substitute., cor,!)Gr cloctrodes !lore used 
and woro found to rcma:ill at tho sruno distance for oony individual 
doterminations, since no ar,~roc.iablc burning of the m.1tal took 
place • 

.31. Tho s:,ray eun used vre.s a Panschc air brush, mfgr., 
tlOdcl ML-8, (Plato 2) of the ty:,3 used by artists for creative art 
and :;:notogra!)h retouchin£. It ~s ·selactad for use with tho :,r,:,~ga­
tion chamber for tho folla.dne; reason: (1) It eave satisfactory 
resu1ts mion usoo on low zas pressures (25 to .30 !JSi) ~ (2) - It 
had a short lic!uid :;iassacc to the tir,; {3) The rate of li(!uid 
now· required for the r,r.:>duction of a. finol:: atOTilizcd s:,ra.y mis 
small and 'S&.S more in ko,;"lin~ ':'ti.th tho amount ot wcyeen contained 
in tho pro!'3,eation chamber, (4) The ti!) of the air brush oo.s 
,_u-ticular~ ada.:r,tablc to the c1'...ambcr usoo since tho ~rificc ti:, 
c~uld be aasil,y fitt~d to th3 brass ca,, ellowine no atmos,.:ih3ric 
air to enter and dilute or onrich th.:> carofull;r reJiiulatod tas 
miXture. Artists! brushos1 of different d3Sitn, r,0rc available 
that oqua.lled tho Pru:.scho in s~ra1'inC ability, but their modifi-­
catjon for uso in th~ cs_ui;'~.:mt nt, bend required adn_:>tors of dif­
ficult mechanical dosie;a. Th,~ Pa.e.sche brush had contr.:>ls f,)r air 
and oil nows but thes~ ,mro set to .:>r>cratc continually at maxi-
mum values. Tho silver necc.lo rm.s further adjusted at U-141 so 
that the flow> when maintained ~t t he minimum li~u1d flew adjust­
ment, eave a s:,ray :-,attcm which m1s conic.il in sha:--c rcuchi~ ~ 
diamotcr of 311 at a point 12 inches fror.1 tho tir. The s_:-,ray . 5;un 
was 11101D1tad as shmm in Plato 1 v.i.th the lonzitudinal axis in line 
m.th tho trl.d-point of' ·tho s;:iark £Ur, thus tho s~ray nas directed 
l.mi.formly 'l'lith a :maximum cf oil cu.st roachin£; tlw turning cllec­
trodos. ·1t v-.us obs.lrvcd eJC!)orimcntally that this s-:.·,ray f;1.l!l adjustment 
r,roduced tho most inflammable sr,ray of all those rositions t'3stod. 

C. Gas Measurement and Control. Devices 

.32. Tho sole i.nlat. for ea,s in the ~ro,agation chamber is 
through the ti:> of tho srn-ay zun by ffllY of tho rubbor :tuba and 
nictal connector. Althoueh the ond of tho chamber is o!)Cl11 no 
appreciable diffusion or dilution t-d.th at;__10s,horic air occurs 
since the air now thr.,ueh the tube is in excess of 10 liters :ier 
min. Souo mixint and diffusion undoubtod~.r occur et the extreme 
.md of th~ tube as the sr,ra!7 emcrees, but none has been noted in 
tho cylinder bet~rccn tho eloctrodl'.:ls ane. tho S!1ray zun. 



33. Initial cxperill1cnts r:oro conductoo nth the s~ra~ 
ec:uir,mcnt (Plate 1) usini air as the ;1ro:"'8.gation ·atmos~hcrc. 
Results obtained showed some liquids to be inflrunr.-ia::>le rrhile 
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others .-rare not; thus diVi.dinz tho oils :mto two ,ccll-dafincd classes. 
No differentiation or evclua.tion coulc. be made of oils in '3ithar 
class to cour.,are them nth other oils ill the same class. To mo.kc 
such evaluation "'ossible a. mixturo of oximon .ind ni trof•en v:as usec. 
in the: cylindric~l chamber. B.;1 skrting• rj,th 10® nitr•:>con .::.nd incrous­
inz the oxyean conc~ntration in u saries of succassiv~ ex:orimonts, 
a porcentaee ms rcn.chcd ':mere the oil in qucsti~n :)ro;,-:it;c.tad the 
flame just enoue;h.to eivc a :rositiva test. By cou,._;:-a.rin,:. this critj_-
cal o:x;-•zen ·~crcentafo; a relative inflamn-.ability 0v~luation of tho 
oils TTith res!)Oct to one another -:;as obtained. 

34- To obtain this ~rariable e~s iaixtura tha c~~-x..ratus 
sho'W!l in Plate J ms devised. Orri.-.:en anC: ni tro.:.:m rrerc obk.ined 
as compressed zasos {2000 ::,si) in-;tandard cylinclcrs (2.20 cu .ft. 
ca-:-,acitv). The tanks were ca..-,,~d -rd.th nressure rerul.atin.:: rcductio11 
vaives,• and rubber tubes carr!~ tho ~asos to the ;ctcring and 
mixing ar,paratus . Rates of nor. uerc l!IOasurad on zl.:i.ss ty:-,e Rote.­
meters (Y for oxygen) .and (I for nitro£en), consistine of ta;iored 
elass tubes containinf a carcfull~· constructed float. The fl.:,at 
was of such diameter th1J.t bfoding occurr~d at the loi1or !)llrt of the 

• taoored tuba 'Rhile it allm1od more P."as to flow as it roso u·-, th.) tube. 
~ indi vidua1 gases m,ro thon r,i_r,cd . to a mixing chamber R ~ere e. 
series of ccmcentric brass c~•lindors (Pl.lltc 4) ,rovidcd the turbu-

· lonce neccssar-: to assure !)ro~.cr mi.Xine of the eases. It rre.s neces­
sar;r to r,lacc a _:1rcssurc eaue;.;: ut. this point in tho system to allot'; 
t...'1e O!)erator to maintain a constant ;;_;ressure on the spray £Uil as 
,roll as to regulate. the rate of f'low. Pi:-c c::mncction was then rondo 
-to a "T" which carriad the s,ra.y eun gas connector. An inda;'ICnd,:;nt 
connection (Z) with th::; laboratory air lin3 was wad.:! at Tso thc.t 
tho exhaust ~ascs ,roduccd in each run could be swcJt out with air, 
saving the su:,pl;r of !)Urificd eases for actual dotormirultions. 
Gas flows V!are controlled by the use of Hoke n3edlc valvos as 
illustrated • 

.35. The RotaI:1Ctor ty:,c of fl0Wt1cter ?ro.s selected bocausc. 
of its advantaei:)s in this ty:!'!G or o:,oration. Ease of adjustment 
and of readinc is oi' :Prim? i.Ll;.:ortunce in this determination .md the 
Rotamcter is much better than orifice ty::e 1::eters for this use. 
In addition Rotameters can vdthst:md tho ~resaurcs used with safotv 
uhcreas ~- other comnercial~ ~vaile..ble .. florn::iaters would not hav~ 
sufficient tiacha,.,ical strcneth. The oxyzen flowmeter was constructed 
_r:ith a hollow catalin float dcsi2.ned to measure 40C to 8000 ml. ~">Or 
minute over the entira ranr;c • The ni troicn nomcter contaiocd a 
hollow cltlrtl float desitned to ;aeasuro 600 to WOO ml. :1er 
Dinuto over the entire range. A nt:e 0£ 10 1. _!)er rlin. at the· pres­
eure of 25 psi ue.s selectod'as tho operatinf no~ ,roducma the opti­
oun spray m.th ·the oils under stud;. Thu no~tors 1::-or11 c.-:.rt'.l.£ull.y 



calibrated and a scale ms !!laced an ouch tubo rOcldine C:ircctly 
i."1 r-ercent o~ecn in tho mixture v.-hoso total flo,. vre.s 10 1. :-,er · 
min. The .flow of tha eases ms. rc~ulAtcd at tho c;•lind~rs (B anci FF) 
and at tho Hoke noodle valvos (F and BB) so that both scaks roac. 
the desired T)ercenta:re d 25 l1Si Drcssurc on ~aur-:a N • Fl•:>w to 
tho s:::,ray !::1m could be convenlonti:, turned off at S -rd.thout chan~e 
the percimtate mixture settines on the oth'3r rcI:,--ula.tin£, d~vicJs. 

36. Tho ~rossures used in tho systen, boinc too croat 
for the laboratory rubber tubing., ruquiroo tho use of a cloth brai<fod. 
small bore rubber tubini:- Md s-rioeial threaded metal connactors to 
faston tho tubing to th; gas s;urcos and outlet systi3ms. A·l.o.:,and 
givtne a dot.ailed doscri:,tion o~ tho ar~tus sho~n in Plate J 
is listed in !able 2. 

D. Oil Mgtrong Deyice 

)7. When a constant =1rossuro and a fixed fioVI' rat~ arc 
usod on the s~ zun, th.:, amount ·ot oil re,ssine thMu:h the £ml 
and the natura of tho S!"i'UY aro dopondont ~ ,:>n the a.mount of liquid 
which is drawn throueh tho orifice 0£ the s~ra;1 zun ti:, by tho 
ElS!)irator effoct. SinC<l the oils must - r,ass throu£b. a fixed ori­
flcc, this r.,umtit;r in turn \Till do,cnd u:-,on tao viscosit;r of 
tho oil tmder cons~4or:ition. \':ith c~nstant air su:'rily it was 
noted oxpcr:l:mentall:, that the r.c.te of now of liquid to the iim 
variod ~th tho viscosity .fro..1 0.5 cc !'Or min. £~r a heavy mi.n3r.:..l 
oil {SAE f/60) to more than 15 cc. ~er r.dn . for lie;.uids as thin 
as benzoru,. This 'l'Ti.dc ranee of fuel concentration in tho chnmbcr 
causod S1)111;) c,-ross discro;xmcios in infl.am:JJability ~valuation :for 
many· com:,ounds . 

,38. A~~tus was constructCC: ac shotffi in Plato 6 for the 
injoctian of a fixed ~uantit: o! oil r>-'3r minute inda~endant of the 
aspirator effect cf tho stm:· ~,m .inci of tho ~ravi.tc.tion.tl cff13ct 
of tho liquid colUl!lll in tho burettc. Th,;i a_:-:, ia.:-a.t.us c-:msiste<l of 
a· 100 ml. madicinal tround !:lass s~rri.nea .;101.mtcd horizonta.11.!•. 
A hole v,as rlaced in th.i back end of the !Jlun~er so that a uachined 
brass nut (1/411 - 20 threads ::or-inch). could oo·insortoo w.ithin a 
closo]i fittinf rubb..,r tube . .\ slcl'!-S!)Oecl rcversint cl('::ctrical 
motor (7 RPI&) l!SS :,lac~d with its shaft in line -m.th the rlunecr. 
A long throoded screTJ J attached rri th a connector, was :.--J.aecd in­
side tho brass nut so that rotatio::i of tho nut or shaft caused 
tho !)lun....onr to mov~ in or out as tlosir,3d. Cannacti ':>ll ,ra.s ma.de 
!'roe the end or tho s;rrinze to c three-my sto,cock connected in turn 
to the· filling burotte or tho S!,r~:• :_1lil. The ·11T11 ty.:,c three-my 
sto,cock -rias inserted throe dii.lensianally in Piate lat a .~oint O 
in tho connector tubo. 

(b) ExmMRlAAW Procedure: 

.39. With tho 5:as measurer-tent and. control c~ui!:ment (Plate 
.3) connected to the ,ro.::-atation chamber, tho a:,:-aratus was ready 
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£or tho deterJDinatir,,:n ~r the in£1amr.lElbilit:, of an oil. Tha ros:3r­
voir burette (W) was filled vdth t b.a lie;,uid under study. The fingor 
lever on tho nir brush (M-36) was fastened ti~)1tly :ill the "on11 

r,osition. Gas tank ;>rossuros VTore them adjustad at thE: reduct ion 
valvos for oooration at about 25 -,sL With tha remainder of t ha 
system opcn,

0

the Hoke needle valv;s at the base of tho rota:m~t or 
tubes (F and BB} ~r.i a.djustod to :·roducc the d~sired OJC;'tcm-
ni trogon Llixturo . Aftor all adj ust.~ts hll.d boon made tho ;:as 
we allowed to now for about 45 seconds to sottlo do'.7ll to a constant 
flor., and then the tlo'fli:l.3tcr reac!~s wer-:.1 chockod. Tho buret t(:) 
sto,cock was then or,onodallor.ing th~ li.quid t-:> s;:ro.y. Aftor con­
tinuous~ sra-ayine for fiftaon seconds, switch S-1 (Plate 5) was 
connected &Dd the A.C. !"l\lsh button lmS nomcntarilv nrossed. 
Simultaneously rr.ith th,f striking of tho arc., an ci.::ctric cloclc 
was started and the arc ;za.s allowed t~ burn for five seconds, after 
which time switch S-1 was oricnad . i'nloo the fla.::13 )M::a.gatocl f'ro.n 
tho arc back to tho gun, it ;-assed the thcr.l!locou!Jlo and thus actu­
ated the .:rlllivoltmeter. When tho millivoltuotcr rogist.:retl l rev. 
or U10re within fivo secaids., the tast ·tia.s considered :::,-..isitivo, 3.11d 
tho o:x;yeen concentration was lowarad until the thcrmocourilo ::otcntial 
was loss than one millivolt. In this manner tho ~zen r>crcantaee 
necessary f-n- combustion could usuall:,r bo a.scortainod to~}$ in 
the lowor <Dcy"gen :!)Crccntaees and~ z;J, in the hiiher ranees. Tha 
observation was usually accom!)anied by a mufned ro!'.'ort 1 the intensity 
of which increased as the critical .uaount of QXyfen was exceeded. 

40. Between each inf~bility tost, tho char.iber was 
allowed to s-:.rce.., out .frOl'.!1 one to five Dinutos de't)endini?; ':lll the 
tn,e of oil und~r study. Tho electrodes wcro rooiovodJ clOO?k.."<i and 
respaced at least once every ton arc disclw.r~es. It ,;as f'ound 
naccssar.,r, howe"lcr, to clean th::mi more. o!tan (in the extreme C.l.SO 

ov-3:r-J time) tmen consistent results coul,_--! not be obt~inod othor­
w:i.se. This :>roca.ution res os~cially noccssar;,- when testine 
oils mi.ch charred roo.dily on the hot elactrodcs ~ B.mzono rns 
,a.rticular~ trQublestJme in this ;ro,e:ard. 

41. To consarve the :,uro gases used in the detarlili~tion, 
nir from the laboratory lino ms uSCC: for s":cc:·inL: out the Chalilber 
during the ono to five r.dnutes bat1m:!cn d~torraination& . A rcd.ucti.::n 
valve stmila.r to that usoo on the gas cylinders in Plato 1 was 
used on th<l air line to zive 25 :isi :,Nssure and a nay; of ten liters 
r>er 1i1inute. It uas uoccssary to ,12.ce a filter of ~less \1«>01 in 
the air line to r-rotcct the vc.lvc .:::.nil th';) air brush tron1 contami­
nation due to oil or dust in tho system. 

42. ~rter a series of ini"J..ar:imubility tests on a ~iven. oil~ 
it v,ras found necesScl.r-' to coi:rnletclv clean tha a-r:wiaratus be.fore 
mak:ine tests on a sec;nd liqu1d. Tho burctte, a;i,ay gun, ne:xible 
connectors and r,ropagation cha.J:lbcr \'fCre cleaned . by running about · 
twenty ml. of benzene thro~ tho a.ssor.lblod ~uirmont. It r.-1s 
often found necessary to coopletely clean the combustion tube by 
remonne ca!) N from tha r,ror,agation chamber and thorouehly smbbing 
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the intorior with cloths ;_,reViously di~red in b.:mzene,, ;.!'tor re­
assembly I the ar,!),'U'atus \m.S blom1 for thirty r1tinutos l'1i th air to 
remove all traces of benzene usod in ro,-novi!lP.' tho ,,revious oil . 
The clcctrodos were cleaned by romowl from tha chauber, ;.rash­
ing with benzene cmd :,olishing to a shiny taotal surface nth 
emery paper. 

43. With continued uso the ands of the el\Jctr~:xfos mD..? 
bocome pittad and it nas necessary to file thac after tho cleaning 
operation. Whon reassembling, the elactrodos ,-ere :1l'o;,erly sr,aced 
by screwing them in until olectrical contact .ms oade \as obsorvod 
on a meter ar on the electrical timing clock}, then the electrodes 
ner:.. turnad out to tho desired arc spacin£: (tvrenty revolutions 
to the inch) . & s,acine of 0.1011 (trio turns) has been found to 
eiw satisfactory o;>eration of the chamber so this valuo rro.s used 
as· a convenient constant fa~ distance. 

"4. Operation ot tho :infl.am:nrlbility a:1z,aratus utilizinz 
the oil aetoring device was dono in much tho ·samo t!k'lllllcr as de­
scribed above. The ootoring tuba ms connected into the sr,ray 
em inlet (U in Plate 1) . Tho :lass s:rz-ine;o was than filled by 
reversing the :~otor anc. drawine the li~uid in fr.:,m tho filloo 
burette. After filling the a~ratus, the three-way sto!)Cock r.as 
turned to allow t.no li':,uid to co <lirectly throueh to a S!')ray 
gmi. In mkinf the :inf'la.mmability test; tho gas mixture uas c1c!­
justed as bafora, and allo;md to or,oratc fl)r 45 seconds. The 
J:1otor was than started and tho li(luiC: m1s forced throueh the ori­
fice tip at tho desirca. ro.tc for fift~cn soccnd~ befvr~ striking 
the arc. The ox;yeon-nit.Mgen rc.tio was than vari ed until the 
critical value which· just :,roriag,atcs tho s1,ray back to the orii'ico 
under those ccm.ditions m.s roache.tl . 

DISCUSSION OF RESULTS 

(a) Data Obtained 

45. Tho ~draulic oils ,,hich .;-ore a.vnilc.hl ~ in the 
lo.bore.tor-}' _woro tostod in th~ fl.a.;!,) :,ro~£,ation . chrunbcr · ancl tho 
rosults of thsse tests a.re r~nortoo in Tablo 3 . Those results 
are not intended. to bo com~rahonsivo, but c.ra neroly rc~rescnta­
tive values obtained on several oils and li~uids re~dily available. 
Studies wore ma.do to evaluate th3 prosant method . 

46. It was notod that tho !JOtrolouro base oils now in 
use in naval oo.uiroent form infl.a.Dmabl-3 mixtur~s with as little 
as J.Z{ oxygan. This is true cf the three tost...--d. 

o.s. - 1113 
o.s. - 294.3 

AN-VV0-366 

Hydraulic Gaar Oil, Flc.sh Point 310°F 
Hydraulic Gear Oil, 

(fut Viscosity) Flash Point 230°F 
Aircraft _Hydraulic Oil, Fla.sh Point ~OOOF 
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The oils are of tho low viscosity ty~c o.nd arc made from lo~ 
boilinB petroleum base stocks and arc thickened b-J tho a.ddi t ion 
of polymer additives to £rive tho desired viscosity-t3.n:,crature 
curves. It is noted that the flash !)oints of thcs~ oils are 
different, but in s,ite of this d.iffercnce1 no Chante in the 
oxyecn r,ercenta!:e needed for :,r')~"a!:(l.tion of the s:-ray ,;;cs obsorv~d. 

47. Benzene, mien s~rayed throuih the ch.:lmbcr, e~vo 
a violent combustion, occo.sional..zy with ax~-.losivo violence, cllen 
onzy 12% o:icy-gen was used. It ,'fas nacossars.r J however 1 to restrict 
the flo\-: to about 3 cc r,er I.iinute to obtain this infl.amtia.bili t:, tig­
l:?'Q. With l!igh rates of liquid floi", esr>ccial.ly tho high rat~ of 15 
ml. 1)0r minute obtained in an o.rxm system, tho miXtura would not 
ignite until tho oxyean ~crcentazc had been incroo.soo to over 
~- It has baen concluded that tho deviation here ms caus,'.;)d by 
an exceedingly rich bC3IlZoo3-air cixturia1 enc: 11 shorti."lz cf the 
arc caused by tho formation of ~olytic carbon on the co:~ar 
electrodes. When this dcr,osit ,ms shaken loose by a.r.;.1licati on of 
o. potential across the electroc1es, a vfolcnt ex:ilosion usually 
resulted. 

48. Cetan6 .(n-hc:xadecanc) likcr1iso cave an inflamlll,.;.blc 
m.xture 'l'lith 12$ oxygen even uhon allo,vcd to flow freely into 
the spray Dlll• The cotanc used for theso tests was o.bout 95~ 
pure and was the commercially available Dur>ont ,roduct used 
.::.s the diesel fuel stend!lrd. Th.J samu o.xy~cn ;,arc'3lltaeo was thus 
obtained on thes~ two liquids in srite of the vastly different 
results which have b~cn obtained in othor infle.mma.bility tests. 

Benzene 
Cetane 

Spontaneous 
Ignition Temn, Flash Point 

13°F 
230°F 

Inflrunmability 
QJc>a.::n Pc;rccntaeq 

It is noted that whan a com:-aris,:-n of the inflrunr.nbility of 
bcnzen.:; and cotane is t'!ada1 benzono is tha more inflru!ll!M!lble at 
room too"'orature in t~ -nrcsencc of o. free flari1c while cetan.) 
is much -;ora infl.aor.iablc~ when thv hazo.rd is s~ontaneous i5tlition 
of the oil in a container or on e hot surf ac~ . Fqual inflam­
ma.bili ty of tha two is obscrvoo whon s·;iraycd from an orifice 
onto a hot surfaco in tho ryresencc -Jf a fl;:i.mo. . ' 

49. Navy symbol #2135 lit;ht lubricatint oil ~ave a. s~ra;: 
r.hich pro,r,aaa ted flamo in the :,rasanco of .34% O~l£iID, but rrould 
not give a r,ositivo value below this porccntagQ. This oil is 



16 

composed ot a singlc3 :,gtrol9um. fro.ction -.rlth no viscosity :nodi-
i'iar nresont and correST>vnds to an SAE 20-30 ootol' ::,il. Tihile 
the viscosi ty of the 2135 oil was ,4\rzor than that vf some of tho 
hydraulic oils tQstod (67 c.s. at l00°F as com:iarod ~~th 46.S c.s . 
for O.S.-lll.3 oil), thJ inflwi:ms.bility "las loss. SincJ the O.S.-1113 
oil is ma.do from a l ieht baso stock thickonud with n ,olybutcne 
pol_vmor, it ar,,cars frou thoso results that th-1 inflamr.iability of 
an oil is mora dc"'cndont u110n tho nature of the b.:!.so .stock thz.n u-r:-on 
the viscosity of tho finaliy thickened oil , • 

50. It is indicated by those inflammability results ~n 
:pctrolcwn ;.iroducts that the i.nflamma.bility of the s~1ray of f:'..1rly base 
stocks is ar,proxi:nately tho _se.me. This is !')rcsumably true for a.,y 
oil made fro:u a. base stock balm, the fuel oil or catano rango and 
~ossibly for some oils imoso base stock is a hieh~r ~troloUlil fraction . 

51. Two chlorinated hydrocarbon ndxturcs r.cre usac for 
tests in the fume pro,a.gation cru:u:ibor. The so riL"dures 'Zara oils 
made by the Standard Oil Dovolopmont Company of No,1 Jers<ly under a 
naval research_ contract and ware dosie;natcd as Contr ollor Oil P.S. 
and C ontrollcr Oil CC • Controller Oil PS required 641, o,:ygon b(a-
foro the spra_v could bo made to strike back and actuate tho td.lli~olt­
motor attachoo to th~ therLlocouple to one mil:ivolt. Evcm nt oxy~on 
val.uos hisbor than '64'1, tho violence of tho burning \'las E1uch less than 
that of tho :,atrolcum oils t!hon fir~>d at 1.2% or1gen mxture. This 
ini'l.ammability value decreased to 59';~ when tho rato of lir~uid flow 
\78.S changed to .3 cc. ;-'Or minute. Cantrollar oil CC ra~ dof'initoly 
more inflammable than controllor oil ·PS r.:-q_uirinz 34-.38% 0xygon 
to produce a mixture r,ro~gating a fla.oo. This value vra.s !otm<! 
to rise to 55% when the liquid flow r~to mis changed from fr~e 
flow to 1.5 cc. !)Cr minute . 

52. It -rras observed -rlh-m testing thaso two chloriru;.tod 
hydrocarbon mixturea that . a. lone· s,;.ae::,inC :1oriod with o.ir ro.s noces­
~- af'tor each test to remove 7roducts formod durinc the comuustion. 
Runnine tests in ra!lid successi:>n using controller oil PS caused e.n 
increase il'1 the o~een ~contatc nacessaey to cause s~ray combusti~n . 
Controller oil CC showed tho o,:--osite bohavior, i.e. when a serios 
of runs nas i:ade without sv,ea~,in.t out tho air thoroughly in betwoen 
each nm, tho z)ercentafe o:x:yfen nacossary for f] ... "U:J.c !')ror,er;ation 
under the conditions S!)eCified v:<?.s decrc .. sed. 

53. This behavior of tho chlorinated hydrocarbon ~ixtures 
-Ila ;laterr,reted as follows: .Controll~r oil ?S after combustion left 
su::10 voL-.tile halogenated 1!18.tori.al ;1hich a.ctod ,rn a snuf f'cr and re­
quired an incrGased amount of oo;ya-en to burn. Contr-~llcr CC on th..? 
other ~"ld producod the highly inflam:,;able y-ror~tlcnc by ,:1. scission 
of the ali:,ha.tic side chain. Tho volatile inflrunma.ble :::as then re­
mained in tha pro,agation tube a1one \'ti.th othor :,r~Gucts of tho 
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combustion dissolved in th .. ~ oil on tha side tlalls .and raado the next 
test rc~uiro loss or1ian for combustion. 

54. The rolativaly low :::,orcentage of oxye;en rec:uirod for 
the flamo pr:,pazation of petroleum oils, in contrast with the hifh 
percentago mxtura required for tho chlorinated h:rdrucn.rb-:>n oils 
is in a.r,-cemcnt with oth~r observed inf~iability .::ir0:1crtios of 
thase oils. 

55. Petroleum base ~il~ whoo ~~rayed in the a~~ratus causcc 
a rar>id-:::iro:iaeation back to ~o orifice -rrh;m tho critical oxyzcn­
nitror:cn ratio was exceeded on~, sliP.htl~,. With thcco oils., the 
11striko-back11 made such a characteri;tic· sound that th.l CJ.Uo3Stion of 
a :,ositivc :.r neeative tost T,'.liS easily ans':7erG>d and tha use of tho 
uillivoltmctcr and thonaocou11lc y:as hard1v nocossar,. ~:rhcu chlorinated 
hydrocarbons !ror~ usoo the d;tcrminO.tion ~f 11strikc:back" ;,as n0t 
so definite and reco~sc to thr.! theri~cou:ilc and nlil.1i•r~lt;,;,:)t-:?r ':"as 
necessary. A voltaec rise of 1.0 nv. was se:foctac:. as tha ~"loint at 
which cnoU£h heat was rroduced by the oockr.iard s:i,.>vc;nent :Jf the flanc 
to assmac a ~~sitive test . 

56. The- cleaning ·o:r th3 electrodes vru.s -3ssanti.:u v,hc~ values 
were to be checkad age.inst :1rcvi.Jus •Jncs or against -Jne an::>th,::?r. 
The aror:iatic hydrocarbon c-'.)n:,otmc!s tested s"!l.J'.':ed. a :1r.Jf-1und ten­
dency to char and leave a de:,osi t on the h-.lt co_:1I>er electr:icos. 
This dor,osit continued to build_ti;- until. an o.ctual shortinz ..;f the) 
arc current across tho olectrodo occurred. Th3 visc-:>us liauids 
deposi tcad this oily layer on the electrod~ ,_rhilc SOI.:l.e ·:.>f the r>urc 
evmpounds, i.e. benzene, left o. solid carbon dc:;,osit. It wr~e f::-und 
necessary in all of these tests t,"> clean the eloctrodcs and as ~ 
maintenance operation the electrodes were reu,,ved; cl.eanud, f·?lished, 
and roplacoo after- about tell inflar.;mabili ty trials. 

57. It sb·.)uld be realized in intcr!")rctine tho data rire-
sented in Table .3 that the va.lues re!)ortod c1ro tho 1:d.n.i.:1m1 .mos 
obtained in ::>ricnting eX!)eri;.,ents. Occa.si,:inall,y) an oil cavi3 a 
negativil teat at tho rer,ortcd inflai.-:Jability :,ercentago !lJld this 
has even occurred at hi£;her •:i~rgon ~ercontat,os. However, when 
duplicate det0minat.ions rrorc mada the lower figures re:!'".>rtcd could 

·be checked and easily rcr.oatcd. 

(b) CQlll!l8,risaa of the Prceont _M~o.g w;i:f;.h..fil!w.'...lJlr.:t.aim:;abilit,• 
I.w.! 

A. Flash P~int 

58. Tho flash :,oint of a liquid my be cansidorod as tha 
temperature to which th3 liquid l3USt ba heated in order to eivG 
off sufficient _va.;r,".>r to forL1 an in:flalilr.lable mixture l'.'ith air. 
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Flash roint t'3sts \·;er·a oriti.nally en::,loy~d, u.nd have been used 
oxtensivel,y, to indicate tho fire ha~~U'd of~ larg3 v-arict7 of 
r,et~loUl.1 riroducts. Their-uso bas been oxtended and they ~re 
fretiu.:mtly amr,loyed to r_ivo inforMtion r:hich docs not relate 
to fire hazard. For ax=:.,:,lc, the fl.a sh :ioint is S-">nctimcs used 
as a measur~ent of tho volatilit;; of the; liq_uid in c~ucstion~ this 
beine an acce~ted ~ractice in classifyinz ~asolincs . 

59. Fl.ash ~oints; dctort!lincd on !"'Ctrol~urJ ~roducts show 
: a \lide ranee of results . The more volatile ec.solin,:is .:u,.d na~hthas 
flash et tem:--eraturas considerably below o°F. P-:?trolow.1 othor 
solvents and some snecir.l. nanbtbas hc:,.v~ closed cun flash ,oints 
between 800 nnd 110°F '!'tllilo the r.:..nce for the kor;scnes i; usually 
from 100° to 160°F. Gas oils and fuel oils eencrall~r flnsh bc­
tnoon 150° and 300°F and the majority of lubricatine oils ~ave 
fl.llsh points b~t~eon 275° and 650°F. 

60. The flash ,oint of the lower boiline Jctrolol.ltl fractions 
is of dofinite value in ev.::.luat:L--i::.; the ~,otantie.l fiN hazard 
under · conditions mierc a fira r;.a~, .be start.xl b: c,c:iosine the 
varior, at tho corroct tC:llll,cro.turoJ ;7ith tho :;:-ro:,cr ru:Jount of air 
in th.:! !')rosonce of a flruno. HowcvorJ for tho hydraulic and lubrictJ.t­
in:: ·oilsJ which o,erato at tom:-3raturos lo'Wcr than that moasur.:d 
as the flash point, the use of this c'lotcniination as a 1,1oz.su:rer.-.cnt 
of the fire hazard is Qf' little vo.luo. 

61. To illustrate this r,oint, a kerosene havinf, a flash 
point of lOOOf can rirosont n £ire hazard in tho prosonco or an 
open fl.a.-ae v:hon O!)eratcd in a ~~stcn rllich can attain n t0.1arerature 
over lOOoF. Hot1cver, att3Iilrits to evalw.tc th,3 fire hazards of t,!o 
kerosenes ha.vine fie.sh r,oints of 140°F and 1600f for this systoa 
oporating at a IJS.XitlUl'!l tC3~ra.turo of 100°F eivos no fui'or::iation 
that l'iOUld·shor, one liquid to bo more of a fire haz.Ql'd than tho 
other. The ~ analo!:7 can be drawn froa tho consideration of 
h;rdraulic oil of 230°F fl.a.sh !)oint when used in .1 system oz,aratinc 
at a r.JaXi.n:ulil ton:,oraturc of l.80°F in na.val eq,ui::,:nent. The evalu­
ation or tho f ire hazaro bv moans of tho flo.sh ""0int is onlv of 
value in shom.n!:, that the flash !'oir.t is hiehcr • than the 01'd!.nary 
opcratinc conditions. 

62, This linitation of the fl:;:.sh "ioint to3t for evaluation 
of fire hazard has been rcco,~nizod b\' the· ,)..STJ:.:i CoL;r.ii t too on 
Potrolell!il Products and Lubricants. 9 • Th-3 view U:.ken in this rc'Xlrt 
is corroborated b~ thoir statat1.ant1 - 1:For a l.m-ga nu,ibcr of • 
potroleur.i products, naµio~ ti.le clo.ss of lubricatin;;; oils 1 t'lnsh . 
rx,int is not doterraincd as an index of fire hazard, but rath~~ for 
r,ur!)Oses of idontificatio.TJ. cllld classification. Tho intcr::ratation 
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of fieures is not si..1:,le and as a. ioneral rula it ~Y be sa id th.1t 
the flash T'lOint of a l ubricatinr· cil buJ.rS no direct r.:ilati on to 
its usefulness. Exist:i.ne ~cthods for detel'Llinine the actual 
usefulness or value in lubricati.ns oils are not satisfecto~· and in 
general i t may be stated that the flash :'(,ints in lubricatine oil 
specificat ions is actuallr a 1iclroshift to coz:i:ensate for• a l.;.rze 
f ac·tor o:f ioiorc.nco . 11 

63 . Extra,-,ol.:l.ti on of tha <lat,_ on an oil whoss inflru.i-
mabilitv is based .. on a flush 11oint dctorm:irultion should not ba 
made unl.ess the conc.iti ons under which t he extre::,oktad coB~.arisvn 
is rriade are com~rable to those under which the fl.a.sh ~oint Pas 
deter.lined . The s,onta.noou::i ic,nition. tca~"rature hus ;!uite ob­
viously llo relation to the flash :)oint, t.nd it is considerac! 
e~ua.l~- erroneous to estimate the infla~bility toward incendiary 
i·rl.ssiles or toward the in!le.ni;.iabili ti resultine when a hot exhaust 
l)i!)e has oil spra;,ed upon it by a measurement of the flash ~oint 
of an oil, 

B. Fire f oint 

64. It was observed of ~etrole~u hydrculic fluids t ho.t 
the fire point of tha oil occurs onl;, slightl:; r..bo,re the f'lnsh 
point, indicntine that in tho oil flashes occurring in ~,rocti ce, 
burnine readily ensued. A re:,resentative O.S.-lll.3 :1ctrolcur;i 
oil, '\':hi.ch flashed at :310°F had a fire ,oint of .340°F. Once tho 
oil beean to burn at t his tet1:,araturo no furthar D.!'l:'lic.J:tion 
of flame was necessar;:r for co::i:,l.Jte cot1bustion of the sao!•lo. 

65. 11anv halo~·cna.ted coi.nounds havo been observed to 
fire at a tom:ie~atura -appraciably higher than th::.: fl.i:.fih point • 
.#. roUf)l correlation h.:1.s be30. observed oot~aen com:'Ounds ha vine 
~ Ia.rec difference 'bet.-:een fl.a.sh am! i'iro rioints ane tho results 
of their s;-1ray infls.ru:lD. bill ti ~s • Cor,1pot.mds having a s;rall dif­
i'erence bet'\7aen fl.Ash and fire ,:)Oints- usually fired i•.1..th 12% 
oxygen in the flarae ::1rorneation chanbe;r rllilc C".>u::;ounds havini 
a l..1.rco dif ference {chl-Jrinated cor!1;::-ounr:s) rec4uirad o~i:en ~er­
centa~es in the r.m.:,e .:::if 45-65 I'Crcent. This . . ccrrc:ktion was 
observed in a ferr caseo end is beine studiec. further. While no 
exceptions rrero .n~ted1 too faw c~sos oove ?Ct been observe~ to 
permit a reli~ble ~eneralization, 

C. S!)ontaneous I01ition Too!)erature 

66. Tho infl.n.iil;::abilities of s0veral oreanic com:,ounds 
and numerous h;:druulic oil mixture?s have been studied by ueasure-. 
ocnts of t he Snontaneous Ir:i1ition Tcm1'leratures; Thora a•)':?ears 
to be no si.mr>l~ correlat ion between fiash _~oint 1'\.lld S~oni..;neous 
I~nition Tear,ernture since nany dia;~etricall~ o~~osite value s 
have been obtainedJ even on ,2etrolew., :;i:r;-oeucts. F·or exruntle ; 
benzene has a 1.:::i'7 f'lash r:oint of 13°F .and cetane ha::. the hit h 
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.flash !)()int of 2.30°F, but the ~ontancous Ignition Tem:'craturcs 
of benzene nnd cetane a.re 1250°F ancl ~-59°F res:,ectivel;,. 

67, Tha s:'ray infl.Ar.ra:iability of" these two lir~uids is 
e~ual since each ma.teriai i:::;aites and burns readily rllon s~rayed 
with 12% Ox.}'fen. The S:,ontaneous Itnition Ten:,ero.ture is con­
cluded to be of no nore value in prcdictini the sr,r,.y or incendiary 
inflarmaability of an oil in ci.uestion than a sil:.1ilar cxtra!1olation 
of the flash point data to ~rcdict the infla~mnbility under these 
two circumstances. · 

. D. Incendicry Firing Tests 

6e. A series of f'irin;: tests using 50 cal.. M-1 incendiary 
bullets is beine conducted in coor,eration v.'ith tha Buree.u of 
Ordnance to deteri:ti.ne th<: in!lar,ll!labillty of ::,resent and. :.,rop.osed 
hydraulic oils. Prelimin~ry data obtc!.inod indicatss the.t the 
incendiary infl.ailmability of hydraulic l')i.l.S is not directly 
relatod to their flash :,oints nor their S;?Ontanoous Ignition 
T~1r,erature. A fair corral.ation has baen .:Jbtainod between these 
incendiary firing tests and tho labore..tory flame !'TO!"El~tion 1:t0thod. 
already described her.). Those t -ests arc still in !)regress and 
will be rcric,rted when they urc com~lat~d. 

CON'CLUSIONS AND REC~iENDA.TIONS 

69. On the basis of th~ cx::,oriI!lontal work and d::tn _::,re-
sented in this rc:,ortJ it is Cllrl.clud.cc. tha.t _tho i.nf'l.amiaability CJf 

an oil cannot be ovnluatcd by an;r one t:rr,o ?f inflaJm:Jabilit;--- test 
ccthod. ~~ ti:::ias in actual :-1ractice, one sr-ecific kind c,f in­
flaIJi:.o.bili t;' is a haze.rd to naval e(lui~:.1ent anc':. ,:-,ers,:mnel, and 
one r,ro:1erl.y chosan test r.iey be sufficient to r~casura the inflan­
mabillt;r toward this sint;le ho.zaro, However, ~,hon tne oil in 
q_uestion beco::nes a dan~cr due to other -~,otential~• hazardous 
conditions, further tests are necesse,.ry f or ~roror evaluation 
each uno being s:ecialfy desienod to sinulatc tho actuul circUl!l­
stancc • Tho ::;eneral fi,ro hazard of an oil under all Conditions 
can then be mde only b~ a r.;ensuremant of . the infl.a:Jr.'..::.bility 
under several different circu:ist.ances. Th~ r.1Cthods no1:·r available 
l')f interest for naval fire hazards are: 

(a) Fl.ash r,oint 
(b) Firn ·::oint 
(c) S!)Olltanoous Ignition Tor,1:,orature 
(d) Flaoo pro:,agation of the s,ray 
(e) Incend.iar., · firinE tests 

70. It is rccomraended toot ,ro:oscd oils (and their oose 
stocks) be testae by a!1!'licaticn of the methoc!s mcnti-:>ncd above. 
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Data obta.in.Jd frop tho tests will ·indicate tho dcwr,')o cf non­
inf~:1ability to b~ c~ctcd · U."'ldor the sovor.::.l .:;.;;tual hazardous 
circUL1stances. Tr.is doos not in:;ly that all th.::sc test$ should be 
c.r>riliod as a routine · ::,r,:>codure, but that the tests ~ ;.:..~do •.)n the 
base stocks •:>f the hydraulic oils of diff cr,mt t;'i'.JS to indicate 
t he int'J.amr;ability of fluids made fr01J1 this t;pc of lic.uid. 
Hydraulic fluids can then be selected which bc.vc a vriclo li.l:ii t of 
safety undor the hazardous conc:itions to ba OJ..~ctod. 

71. It is ruconmonded that tho nothod horoin described. 
bo further arr,liod to tho :-ro'oJ.er:t of clcvolo~in.:. lic:uids to be 
used as non-inflammable ~rdraulic fluid base st:)cks . It is 
further roco1:1::.onded that the laborat.:;ry results so obtained bo 
chocked nth actual controlli.:id sea.le fj_rcs in naval co..ui.:-mumt 
to ascertain th,;; value -.Jf the laborato;:-:r .uiethodil as infler,.r:abil.i.t ;• 
tests for naval ~rdraulic oiJ s, 
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TABLE 1 

Lceend of A~ratus Described in Plato 1 

A. Water outlot, brass tube, o.D. 5/1611 , I.D. 1/4", lone.th 1- l / 4ll 
B. ChSJ.1bor mu, brass tube, O.D. 311 , I.D. 2-7/811 , lenet)1 1511 

C. ChaIJber wall, brass tube 1 0 .D. 2-1/211• 1 I .D. 2-.3/811
1 lcnzth 13-.3/ 411 

D. Brass collar to hold "E", O.D. 3/411
, I.D . 5/811

, lonfth ·l ,/211
• 

E. Porcclnin insulator., 0 .D. 9/1611 _ I.D . 5/1611 ~ lonzth 1-1/211 

· F. Coz,r,cr electrode., D. S/16 11 ;, loneth 6n 
G. Brass nut, 1/2 x 201 soldered to 11Z11 as ~iart of electrode su:p;,ort 
H. Brass electrode holder, 211 sccti.:m of 1/211 rod~ 20 threads t o inch 
I. Brass nut, 1/.2 x 20., s0ldcrocl to 11H11 

J. Cut away view ot jacketed cha.-:ib3r 
K. Chro~1el-alu.-a0l ther-w0cou;-lo junction 
L. Porcelain :,rotcctor for thor..il>Cou~ ,10 luads . 
M. Water inlet, brass tub.3, O.D. 5/1611

1 I.D. 1/4", lcnfth 1-1/4.'1 
N. Brass car,, 0 .D . 2-7/S;i 1 I.D. 2-3/L;11 , leneth 211 ; . 2,3511 hole 

3/411 tron bott0r.. for s;:,ra:r e;un 1 bushinr; 1/211 fr~,J to; for t hcruo­
couple 
O. Handle for ca,;;-,. brass rod, D. 3/1611 • laneth 611 

P. Dri:, hole for wasto oil, diawct.:ir 1/1611 

Q. Sz:iray eun, artists air brushJ Paascho ty;,-.: f.U.-8J self' centering 
silver tir- enlarged to_0.71 iJlil. 

R. Burette clam"' 
S. Thcmocou::,lc·leads, to r.ti.lli-;roltmetcr 
T. Rubber hos.), 1/811 x 1/16", braided cloth cov~rcd 
U. Motal connoctor, S!)ray e_un !)art 
V. Resistoflex PVA connector 
Tl. Buretto 25 ml. 
X. Shelf 'bracket, 411 x 511 

Y. Brass :,late, 111 x l-l/211 x 1/411 , threaded to hold 11Z11 

Z. Brass rod, 1/4" x 411 , threaded to 11Y11 ., soldered to 11G1' 



TABLE 2 

Lecend of A~::,atatus Dcscrib-Jd in Plate J 

A. Nitrogen cylinder, 220 cu . i't . 
B. {FF) Pressure reeuJ..ator 
c. (F,s.u., BB, EE) Hoke needle vc.lv~: 1/411 

D. (H, z, DD) Rubber hoso 1/S x 1/161 braided cloth covarcd1 fitted 
nth cour,lines Paasche ~rts nos. HL240B and HL24S 

E. (VI CC) Elbo-a r,i:-e fittin~.1 3/311 

G. (J, X, AA) Rubber c~ector 3/8" x l/811 x 311 

I. Rot.anet~r tyr,e 1-A, v:ith Dural float, Fischer e.i1d Porter Co. 
K. (Pl Q, ii) Slbow :,i~ fi ttinz 1/ 4" 
L. (OJ Tee r,ipe fittine, 1/4" 
f.i. Reducer, 3/811 to 1/411 

N. Pressure gauge, 0-50 ~.s.i . . 
R. Mixing chanber (,ee nl.:ite :3-A for detail} 
T. Tee pipe f i ttine, 3/811 

I. Roto.tleter tY!)a 1-A with catalin floa.t 1 Fischer and Porter Co. 
GG . Oxygen c:linder, 220 cu. ft. 



TABLE .3 

Inflru:lna.bility Results on Hydraulic Oils an,~ Fluids Tested 

lOQOF Liq_uid Inf1£.:-:1i,iabili ty 
Desipnation Descri""'tiOJl Viscosity Flash ~t. Flo,7 Rate % OJ:--•,s:n Re,wiNd 

Spec. o.s.-111.3 PetroleUtl 41.8 c.s. .310°F 10cc. ~-,er .:irin. 12% 
Base Oil 

II II II II -§c>cc II 12~ 
" II II 11 5~c II 12% 
II II II n 3cc 11 13% 
II II II n 1.8cc 11 14% 

Spec. O.S .-2943 Petroleum 28. ,c.s. 230°F *l0.4cc n 12% 
.8a.sc Oil 

II II II I/ 10cc II 12% 
JI II II II 5cc II 12% 

Spec. AN-VV0-J66A PetroleUIJ 24.L~c . s . 200°F 10cc II ~ 
· Base Oil 

II II II II Y/.Jcc II 12% 
II II II II 5ec II 12% 

Benzene (c.:,.) 0 .62c.s. 12°F *l7.6cc II 30-35% 
II 11 Jee II 12% 

Cetane (95%) J.lc.s . 230°F *12cc tt 12',t 
II 11 5cc II 12% 

Spec. 2135 Petroleurj Lu-67c.s. 340°F 10cc II 34'; 
bricatine Oil 

II II 11 II 5cc " 36% 
" II 11 II *lee 11 3~~ 

Controller Chlorinated 41 • .3 none *Jt:c II 5% 
Oil P.S. Hydrocarbon 

Base 
II II II II 10cc II 6ltfo 

Controller Chlorinated 41.8 .350°F lOec " .34~~ 
Oil C.C. Hydrocarbon 

Base 
11 II It II *3cc II 38i: 
II II II II 1.5cc II 55% 

* Indicates this flow rate v:as observed \~'hen the liquid w.:i.s allowad to f low 
freely from tha burette through tho s:>r&y eun during o:,eration .• 














