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DETERMINATION OF IGNITION CHARACTERISTICS 

OF HYDRAULIC FLUIDS 

PART I 

SIMULATED FLIGHT AND CRASH CONDITIONS 

SUMMARY 

The relative ,gnltabLllty of var,o”s 

hydraulic fluids has been determmed quail- 

tattvely under s I mu 1 ate d fl,ght and crash 

condltlons The Ignltmn characterrstlcs of 

the flulds, under practical a,rcraft condrtmns, 

were the only propertIes rnvest,gated ,n th,s 

test program 

Flight condltmns were simulated ,n a 

full-scale Operatlng ~-29 engLne InstaiiatLon 

,n which the fluIds, released at pressures of 

1. 000 and 3, 000 ps,, were exposed to four 

typxa1 s 0 u r c e 5 of Ign~tlon (IJ exhaust 

flame, (2) hot exhaust stack, (3) lgn,tlon 

spark and (4) burning gasolme 

C rash cond,t,ons were simulated by 

bench tests ,n which the flutds were eJected 

at 3 000 ps, through a strong e 1 e c t r I c arc 

and an oxy-acetylene flame Wick f,res 

were srmulated by “smg horizontal and ver- 

tlcal w,ck test cond,trons 

Seven dtfferent flutds were tested In 

the order of mcreasmg ,gnltab,llty as deter- 

mmed by these tests, they were 

Hydrolube (Unmn Carb,de and Carbon 

Corp ) Navy 51F-22 

Type A FluId (Caltfornla Research Corp ) 

No 50743-R 

Type B FluId (Cal,forn,a Research Corp ) 

No 50744-R 

909 (Cook Electr,c Co ) 

S~llcone 011 (General Electr,c Co ) No 

998ILTNV-70 

WS-804 (Standard 011 Co of New Jersey) 

Standard Hydraul,c F 1” td (Speclf,catw,s 

AAF-358OD and AN-VV-0-3bbb) 

Allofthe expertmental flutds submrtted 

for test, except WS-804, proved more d,ff,- 

cult to lgmte thanthe standard hydraulx fluld 

Under the simulated flight and crash condl- 

tlons, all except Hydrolube could be made to 

burnunder some cond,tmns af ,gn,t,on Under 

the s,mulated wick cond,t,ons, all the flutds 

could be made to burn 

PURPOSE 

The purpose of these tests was to com- 

pare. under s tmulated flvght and crash con- 

dltmns, the lgnltlon character,stxs of sev- 

era1 hydraulx flutds, both standard and pro- 

posed less flammable types 

INTRODUCTION 

Anumber of aIrcraft fires have resulted 

from the “se of flammable hydraulx fl”,ds 

As a result, an effort has been made to de- 

velop hydraulic flutds which are less flam- 

mable than those cur rent 1 y used, or non- 

flammable The new flulds have been, and 

are bemg. s”b,ected to standard tests in 

other 1 a b o r at o r I e 5 to determrne Flash 

pomt, fire pomt, lubrlclty. va-coslty. effect 

on packmg materials and the like 

The transLt,on from the standard lab- 

oratorytests to general use m a,rcrait 

seemed too great a step w,tho”t some mter- 

mediate full-scale fxe testmg Quiet lab- 

oratory condrtmns with the fluld applied to 

1gnrtmn sources at very law pressures were 

not believed to be c o m p a r a b 1 e with fl,ght 

condltmns of hrgh a,= blast in wh,cb the fluld 

NOTE The materlalpresentedmthls report may not be reproduced or otherxwse quoted wLth- 

out speclfx approval of the Avtatmn Informatmn Offxe, C,v,l Aeronautics AdmmLstratmn. 

Washmgton. D C 

Please note that with the exception of the standald hydraulw fluIds, the test flutds are 

either of a development nature or are prlmar~ly Intended for other purposes and have been 

tested here only for the purpose of obtammg u,format,on 
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might be released near an tgnltvan source at 

pressures up to 3, 000 ps~ Accordmgly, the 

Clvll Aeronautxs Admmlstratron Technrcal 

Development and Evaluatran Center under- 
took the determmatlon of hydraultc fluld- 

Ignltmn characterlstlcs on a B-29 engme ln- 

stallatlon under simulated flight condltmns, 

and m bench tests under s emulated crash 
and wlckmg condltmns 

DESCRIPTION OF TESTS 

Simulated FlLght Cond~tlons 

Pressures Used 
The hydraulx systems of the malorlty 

ofmoderntransport aIrcraft operate at 1,500 

psi pressure, and many ofthenewerand 
larger types of alrcraft are usmg 3,000 psi 

pressure Assummga breakm sucha system, 

fluld would be discharged at any pressure up 

to 3. 000 PSI, therefore. the flulds were fire 

tested wlthm that pressure range The flurds 

were released at flaw rates between one-half 

and one gpm 
Ignltmn Sources 

Durmg normal axcraft operation, es- 

caping hydraultc fluld could be lgnlted by hot 
exhaust gases, hot metal surfaces and elec- 

trrc sparks If, for some reason, a fire 

already exlsted In the axcraft, this fire 

could be a source of rgnltvan of the flutd 

The exhaust gas Ignltmn test was ar- 
ranged by remowng the short stub exhaust 

stack between a cylmder and the exhaust col- 

lector ring The fluxdbemgtestedwas sprayed 

througha nozzle Into the exhaust gases The 
portmn of the exhaust stack whxh lees m the 

louveredexhaust stackwellwas usedmmaklng 

the hot surface test The nozzle was Inserted 

mto the exhaust stack well through a louver 

and dlrected so the flutd sprayed directly on 

the stack 

For the tests stmulatmg an e 1 e c t r I c 

spark. a standard alrcraft spark plug was 

used The spark of 15 000 volts was pro- 
tected from the propeller aLr blast by a cone 
whrch surrounded the plug FluIdwas sprayed 

through a nozzle Into the cone, which further 

broke up the flutd to facllrtate lgnltlon 
The same lacatlon and the same ap- 

paratus, with the addltmn of a gasolme feed 

Ime, were used In the gasolme fire rgnttwn 

tests Gasolme flowung from the f e e d line 

was lgnlted by the spark The fluid bemg 

tested was then sprayed through the burnmg 

gasolme See Fig 1 

FluIds Tested 

The flulds tested, and their physrcal 

propertIes. are llsted m Table I 

Test Procedure 
Forthe early tests, the variables were 

the nozzle size, metermg valve settmg. fluld 
pressure at the nozzle, engine speed and lo- 

catIon or type of lgrntlon Experience showed. 

however, that changing the no z z 1 e and the 

valve settmg yle lde d no addItIona data of 

value, so the metermg of the fluld was ellm- 

mated and the nozzle was changed only when 

the pressure was changed, to keep the rate 
of flow wlthm reasonable lxmlts (from one- 

half to one gpm) The test procedure even- 

tually resolved Itself Into testmg each fluld 
In the four types of lgnltlon sources at three 

different engme speeds (800. 1,600 and 2.400 

rpm) at 1,000 and then at 3,000 psi pressure 

at the discharge nozzle 

Simulated Crash Condltlons 
In a welded Iron box havmg one stde 

open, fluids were s p r aye d Into an electric 

arc or a torch flame to subJect them to what 

was consIdered as severe lgnltlon condltmns 
as could be devrsed Thts was set up as a 

benchtest, separate from the tests on the B- 

29 engme No Induced air flow was employed 

See Fig 2 The fluld to be tested was pres- 
surzed to 3, 000 psi and then e 1 e c ted Into 

either the arc or the torch flame Varl0Us 
arrangements of straight Jet discharge (the 

Jet xnplngmg on an electrode surface) and a 

dispersed spray. were used 

Simulated Wxk Condrtrons 

Two types of wick fires were mvestl- 
gated by (I) The vertical wick test, m whrch 

3 cc of flurdwere allowed to soakmto a pxce 

of 1 l/Z-Inch wide asbestos tape, b mches 

long The wick was then supported vertwally 

and lgnlted at the bottom by means of 1.5OO”F 

flame produced by the standard burner used 

XL testmg heat detectors (2) The horizontal 
wxk test, In whrch a s~mllar wick was sup- 

ported horreonttally and half submerged m 

fluld One of the exposed corners of the wtck 
was tgnlted by means of a small oxy-acetylene 

flame 

DESCRIPTION OF TEST EQUIPMENT 

Simulated Flight Condltlons 

Engme 

The enguxe used for these tests was a 
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F,g 1 Dmgram of Nozzle LocatIons on Engme and Nacelle 

WrlghtR-335Oof2,2OOhorsepowermaxmum, 

Installed III a standard B-29 mboard nacelle 

The nacelle was ma spec,al w,ng sect,on 

mounted ,n the test cell, and the engme was 

m normal operation durmg all tests 

Pumpmg Equipment 

Several different pumps were used 

durmgthe test program to produce the pres- 

sures and the flow rates des,red For pres- 

sures up to 1.000 ps,, a,rcraft propeller 

feathermg pumps were used These were 

connected through l/4-mch OD tubing to a 

discharge nozzle located, as desired, at an 

~gnhonsource mthe nacelle A Y-connectron 
about three feet from the nozzle allowed both 

pumps to discharge through the same nozzle, 

and made It possible to test two flurds alter- 

nately, and thus to c o m p a I e them dnectly 

under tdentlcal cond,tmns Ball checkvalves 

m each lme ahe ad of the Y prevented re- 

vex-se flow in the unused lme See Fq 1 
Because of the small quantity of S,lt- 

cone 011 available for test purposes, It was 

considered necessary to develop a dtfferent 

means of pressurxzmg thrs lquld A hLgh- 

compressmn cylmder was fabrrcated f r or,, 

spare aIrcraft hydraulx parts, and was op- 

erated by a hydraulLc Jack The Jack was 

operated by hand Pressure was mamtamed 

at any desired level bywatchmgthe gauge and 

manrpulatmg the Jack hand 1 e accordmgly 

Th,s unit 15 shown at the r,ght end of the test 

bench m Fig 3 

Some of the tests at the hrgher pres- 
sures were run w,th a portable 3,000 ps, 

hydraulx testrrgloaned byCreer Hydraulics, 

Inc The unit prove d mpractlcal for th,s 

work, sn~ce several gallons were requred 

to fdl the system. and it was r e p 1 a c e d by 

Greer with a 3.000 psi pump. manufactured 
by the New York Atr Brake Co , wh,ch had a 

capacltyof 2 gpm at 1.500rpm A 20-horse- 

power, 3,500-rpm motor wasused to operate 

1t A bypass valve returned excess flu,d to 

the supply contamer and was set to mamtam 

the nozzle pressure at 3,OOOps, This 1s 

shown ,n Fug 3 

After a few tests w,th th,s equ,pment. 

the pump became moperable because of ex- 

cesstve scormg of some of the parts. espe- 





Fig. 2 Equipment for Ignition Tests in Electric Arc and Torch Flame 

cially the steel wobble plate and mating bronze 

pieces. Although the pump was rated for a 

maximum speed of 4,500 rpm (well above that 

used) it was considered that the combination 

of high s p e e d, high pressure and probably 

poor lubricity of some of the fluids pumped 
caused the failure. The pump parts were re- 

machined, the d r iv in g motor changed to a 

1, 750 rpm and the pressure system revised 

so that only a good 1 u b r i c at i n g oil passed 

through the pump. T h i s was accomplished 

by using two hydraulic cylinders, the pistons 

of which were linked together. M’hen pres - 

surized oil was introduced into one cylinder, 

the piston linkage transferred the pressure to 

the hydraulic fluid c o n t a i ne d in the other 

cylinder and forced it out of the discharge 

nozzle under this pressure. The first piston 

was made double-acting to facilitate drawing 

a new supply of fluid into the second cylinder. 

Since it was necessary (using this high- 

pressure equipment) to run a complete series 

of tests on one fluid, then repeat the series 

with another fluid, similar conditions were 

maintained from series to series as nearly 

as possible . 

Nozzles 

The rates of fluid flows and, to some 

extent, the pressures, were varied by changes 

in nozzle design. In general, two nozzle types 

were used - straight jet discharge and jet 

discharge through a dispersing screen. Flow 

rates were determined by timing and meas- 

uring the quantities of fluids discharged. 

The first nozzles were s imp 1 y plugs 

with 3 to 5 No. 70, No. 75 and No. 80 holes 

drilled in the end so that the jets diverged 

slightly from each other. Later, these were 

replaced with a no z z 1 e having a single No. 

60 hole and with a 50 by 50 meshscreenover 

it to disperse the jet into a more ignitable 

spray. For some of the high-pressure tests, 
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Fig. 3 General View of Pumping Equipment 

the nozzle used was formed from a l/8-inch 

pipe nipple by flattening out one end until, by 

trial and error, a suitable rate of flow was 

obtained. This was used because a straight 

drilled hole of comparably small area (approx- 

imately No. 80 drill) could not be kept clear 

of dirt particles. 

Simulated Crash Conditions 

The pump used for these tests was the 

hand-operated pump described previously. 

In order to get a short b u r s t of fluid at the 

full 3, 000 psi pressure de s ir ed, a spring- 

loaded relief valve set to open at 3, 000 psi 

was used in the discharge line just ahead of 

the nozzle. Two different nozzles were used, 

both having a single No. 80 hole, but one with 
a 50 by 50 mesh d is pe r s ing screen which 

broke up the jet into a fine spray. 

The igniting arc was produced between 

two l/a-inch d iame te r carbon electrodes 

with a potential of 60 volts at 200 amperes. 

The electrodes could be adjusted so that the 

fluid jet either passed directly between them 

or impinged on the end of one. 

The igniting flame was that of a standard 

oxy-acetylene torch mounted so that the fluid 

jet passed through the hot t e s t part of the 

flame. 

Simulated Wick Conditions 

No special test equipment was used for 

conducting the wick tests other than a simple 

means for supporting the wick. 

DISCUSSION OF TEST RESULTS 

Simulated Flight Conditions 

The significant test data are presented 

in Table II, enabling quick and direct com- 
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TABLE 11 

Tabulatmn Of Smnulated Flight Test Results 

Legend X - Test in Which Flutd Ignited 

0 - Tess tn Which FluId Did Not Ignite 

Flutd Gasoline Ftre Spark Exhaust Stack Exhaust Flame 

Hvdrolube 000000000 000000 00000000 0000000000 

000000000 00000000 000000000 

TYF A 000 000 X 0000000000 

00000000000 

T\ne B 00 000 X xx ,l 
00000 00000000 

xxxxx 00000000 X xxxxxx 

909 0000000000 00000000 0000000000 xxxxx 

000000000 0000000000 0000000 

000000000 000000 
S,l1cone xxx X xxxx xx 

00000000 0000000000 0000000 0000000 

xxxxxxxxxx xxxxxxxx xxxxxxx xxxxxxxxx 

ws-804 

Standard 

Flutd 

00 000000 000000000000 xxxxxxxxx 

0000000 
0000000 

xxxxxxxx xxxxxxxxx xxxxxxxxxxxxx xxxxxxx 

xxxxxxxx xxxxxxxxx 0000000000000 xxxxxx 

xxxxxxxx xxxxxxxxx 0000000000000 00000000 

0000 000000000 0000000000000 00000000 

parisons of the general performances of the 

fluids tested Each mark, X or 0. repre- 

sents a smgle test, X bemg one in whrch ‘g- 

nItIon occurred, and 0 one m which qn~tion 

dtd not occur The variations mengme speed 

and III flurd pressure are not shown, to sum- 

plify the table and because no mpartant or 

consmtent effects of these varlatrons on the 
test results were dlscernrble Thus, the 
over-all performance of each flu,d 1s shown 

m each of the four types of ,gnlt,on to which 

they were exposed 

FlutdmeetlngSpec~fIcat~onAAF-3580D 

andanother meetmg Speaf,catmn AN-VV-O- 

366b were tested separately, but no difference 

,n their qnltabllltywas apparent, andthey are 

grouped together ,n the tabulation as “Stand- 

ard Flutd ” F,g, 4 and 5 ,llustrate typrcal 

fires with these flutds 

The Ignltabll,ty of WS-804 ,s roughly 

the same as that of the standard flurds In 

fact, a strict calculatmn of the data shows ,t 

to be slightly more readtly qn,ted, but such 

close fquring 1s not cansldered warranted L,I 

VL~W of the ne~essarlly rough nature of the 
tests Comparison of the f,res that resulted 

from rgnltmnof eachof these flu,ds, apec,ally 

m the bench tests. IndLcated that, although 

WS-804 1s as easily Ignited, It does not burn 

with as large and severe a fire as does the 

standard flutd 

Sll,cane and 909 were much Less ,g- 
nItable thanthe f,rSt two, but could be qn,ted 

under certau, cond~t>ons qu,te cans~\tently 

Of the two, 909 appeared to be somewhat less 

eastly ,gnlted 

Both flutds of the Cal,farn,a Research 

Corp were less qnltable thanthose mentroned 

prevmusly, but Type B proved, as exprcted, 

to be not 1 c e a b 1 y morr easily burned than 

Type A The one fire which i? recorded for 

Type A was unusual. but there could be ltttle 

doubt that It was thw flu,d burnmg It oc- 

curred at the exhaust stack (forward of the 

turbo) mmed,ately after the en g ,ne speed 

had been reduced from 2,400 to 800 rpm 

The f,re could not be repeated, however, in 

several trm1s 



Fig. 4 Typical Fire After Spark Ignition - Standard Hydraulic Fluid 

Hydrolube gave no evidence of burning 

under any conditions. 

The order of ignitability of the fluids 

tested, therefore, is that in which they are 

listed in Table II. 

Of the sources of ignition used, the 

most severe were the hot exhaust stack (in- 

side the exhaust-stack shroud) and the ex- 

haust gases themselves issuing directly from 

a cylinder exhaust port. 

Variations of engine speed affected ig- 

nition in two ways; by changing air flow and 

by changing the heat emitted by the exhaust 

and exhaust system. Generally, i g n it i o n 

would be aided by low air flow and more heat, 

and since these varied oppositely as the en- 

gine speed was changed, their effects were 

commonly nullified. It was possible, however, 

to combine to some extent the more severe 

effects of both by s ha r p 1 y reducing engine 

speed, say from 2,400 to 800 rpm, then im- 

mediately ejecting a charge of the test fluid. 

This was especially se ve r e at the exhaust 

stack, and f r e que n t ly resulted in ignition 

when other conditions did not provide ignition. 

Changing the fluid pressure at the dis- 

charge nozzle from 1,000 to 3,000 psi had no 

apparent influence on the occurrence of ig- 

nition, unless the nozzle was such that the 

high pressure caused dispersion of the stream 

which at low pressure remained a straight 

jet. 

Simulated Crash Conditions 

In simulated crash conditions, as de- 

termined by bench tests with the equipment 

shown in Fig. 2, the order of ignitability dif- 

fered to no great extent from that determined 

by the tests on the B-29 engine. The results 

of the bench tests are summarized in Table 

III, in which the fluids are listed in order of 

preference from the standpoint of ignitability 

as determined by these tests. The only 

change from the order as determined by the 

engine tests is the position of Type B fluid of 

the California Research Corp. ‘(No. 50744-R), 



Fig. 5 Typical Fire After Ignition at Exhaust Stack - Standard Hydraulic Fluid 

which a p p e a r e d more easily ignited in the 

bench tests than did 909 or Silicone. 

Simulated Wick Conditions 
In the v e r t i c a 1 wick tests, the more 

flammable fluids produced larger flames than 

the less flammable fluids. In the horizontal 

wick tests, the flames produced by the more 

flammable fluids were large and traveled the 

6-inch horizontal distance of the w i c k in a 

short time, while the flames produced by the 

less flammable fluids were small, unstable 

and generally went out before traveling the 

complete length of the wick. 

CONCLUSIONS 

1. All the new fluids tested except WS-804 

are less easily ignited, under practical air- 

craft conditions, than the standard aircraft 

hydraulic fluid. 

2. WS-804 wouldnot be appreciably safer 

for aircraft use than the standard fluid. 

3. All the fluids tested except Hydrolube 

are ignitable under some conditions. Hydro- 

lube is, for practical purposes, not ignitable. 

Type A fluid of the California Research Corp. 

(No. 50743-R) is non-ignitable under almost 

all conditions, and would be very nearly as 

safe as Hydrolube in aircraft. 

4. A practical and standardized testing 

procedure not requiring the use of an aircraft 

engine, by which any laboratory could deter- 

mine the r e 1 at iv e ignitability of hydraulic 

fluids, and possibly other aircraft fluids, is 

apparently a possibility andwould be desirable. 

5. Little could be learned of the relative 

flammabilities of various fluids from the wick 

tests. The discharging of fluids under pres- 

sure through an oxy-acetylene flame seems 

to be a more accurate and easily observed 

method for determining the flammability of 

fluids. 

RECOMMENDATIONS 

It is recommended that: 

1. Silicone, Fluid 909 of the Cook Elec- 
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TABLE 111 

Tabulation Of Smnulated Crash Test Results 

e ween 

Electrodes on Electrode 

tr,cco , Type A and Type B of the CallfornLa 

ResrarchCorp andHydrolube be mvestqated 

further to determme the,= su,tab,llty, from 

other vmvpomts than qnltablllty, as prac- 

tIca a,rcraft hydraulic flutds Among these 

other mvest,gations should be determmatmn 

of surface tensron, since this appears to in- 

fluence the tendency of the fluld to leak under 

pressure 

2 The standard aircraft hydraulx fluId 

be replaced as soon as possible with any of 

the flurds mentmned m Recommendatmn 1, 

wh,rh ~5 found entxely suItable for this use 

3 Further researchbe applred to the IX,- 

provement of the experunental flutds tested, 

especmlly Hydrolube and the f 1 u L d s of the 

Callforn,a Research Corp and the develop- 

ment of new ones 

4 Further study be applLed to the devel- 

opment of a s,mple and standardteed testmg 

procedure, not requ,r,ng the use of an air- 

craft engme, but equivalent to practrcal ali-- 

cr*ft condlt,ons, by whwh any laboratory could 

test, qualltatlvely. the ,gn,tab,llty or flam- 

mabll,ty of hydraul,c or other aIrcraft flulds 

5 Cognizance be takenofthe serious 

need far a lubrtcatxng fluldwhlch IS less 

flammable than that now used in arrcraft en- 

gmes and accessories, and that any program 

of hydraulic flu,d development Include equal 

attentmn to lubrxatmg fluids 
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