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EVALUATION OF EVAPORATION LOSS OF CHLOROTRIFLUOROETHYLENE IN AN M60
HYDRAULIC FLUID RESERVOIR

I. INTRODUCTION
0

The U.S. Army has used a petroleum-based hydraulic fluid covered by Military SeiiainM .IIh 8

(O1-T) as a standard operational fluid in all Army groundl equipment.' lDuring the Middle East coifi i -.--

1973. the OHT fluid caused severe flamnmability prob~lenms in armoredl vehicles. As an interim solution. the Ar-

tit% developed and subsequently issued a new Military Specification MIL-lI-461 7( (FRII) to reduce the overall

fire threat prolexi in armored vehicles. 2 Since the fielding of the FRHl fluid was onlyv an initerim solution. U.s it

is slightly- less flammale than the ()HT fluid, a p~rogranm was initiated within. the .Xrmv to addres s the

dlevelopmntt of a nun-flannuale hydraulic fluid for use in all Armyv armiored vehicles .3

Preliminary iilvestitvati(,ns have focused on the halocarbon-based hydraulic fluid which has no flash or fire

Point. This fluid is a blend of .omlpletely halogenated (chlorotrifluoroethvlene (CTFE) oligoiners and is co-()-

pletelv inert to all acids. alkalis. and oxidizing agents. Ini earlier studlies. laboratory screening tests were COW-

dueted according, to an ASTM method'4 and Therniogravimetric AXnalysis method (TGA) to assess the( high

volatility and it, potential for problems with use of this candlidate hydrauilie fluid. Since both test results con-

firmed that lte candidate fluid blend is very volatile, simulated service evaporation tests were conducted to

define the extent of this problemn using specific components obtained fromt the existing hydraulic system. These

tests were conducted at 160 'F for 3 wk followed bv all add~itional 3 wk at 200 'F uising, a modified hydraulic

fluid reservoir fromt an N160 A3 main battle tank.

The hysdraulic flids( used in these tests were ( TFE and 011IT fluids. The ( IIT fluid was used as the

reference fluid in this investigation because this fluid has b~een used successfull% for mianN decades w~ithout a e*

inajo r eva io rat ion proleinc in the field. w hilIe also inmlicat inig hig ol 1at ilityv in the I ret i isIy m ient ionmed ,

-%STNI D)972 andI TGA test.

Finaly. this report describes the findings and the results of the simulated service e~alloration tests.

11. TEST D)ET.AILS

The !-iniulateil service evaporation test apparatus is shown in the figure onl the following page. The ap-

paratus. consists of an N160 hydraulic fluid reservoir, a stirrer, a templerature mlonitor. a thermnocoupjle %s ell. at

di,-=tick gage. a supp~lort plate for reservoir, and a (,(onstantiiiili-temiil.eratuire si licone oil bath. The Nl6D

hui tlratulic fluidt reservoir was chosen for use because of its capacity ialoui 4 gal). Additionally, the 1160 tank is

ct14i fil 011%is( J in the Armiy. For the purpose' of this study. several modifications were iunade to the reser~ oir.

Tlhe. hl~olom of the reservoir was welded closed instead o~f being attaclwl to the hydIraulic ptump. The top of the

ret-ervoir was sealed with a cover in lieni of being attached to ltle hyvdraulic riser vowembly. % lligh-sjeed stIirrer

3211H rin" was mounted on the cover to siniulate the turbulent flow and surface agritation normialli

gemerateel b,. the hydraulic pumip. For testing. the modified reservoir was placed in a silicone oil b~ath %iiithiia

.ll11pOrt plate ats show,. in thle- figure. The test temnperature %% as maintainued III the silicone oil bath and a

regrulate. b% . thle elet rin ic tei eirat r lur ionitoir. Thel( fliid level iii the reservo ir was mleasuired bN I vuse a ip-

-tick gagef va Ii Irated I %ith 1/ll -in inctremuen ts to* show % ol unte cap aci h.

ill IIi I Ii Al-.' 2 1.2. Ju 11. 1I
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With the test apparatus, the evaporation tests were conducted at 160' F for 3 wk and1 an additional 3 wk at
200 'F. Fluids used in these tests were MIL-H-6083 fluid andl CTFE fluid which has been chosen as the can-
dlidate base material for the non-flammnable hydraulic fluid. The MIL-l1-6083 fluid was selected as the
reference fluid.

For the experiment. the following test procedure was appjliedl to these tests: First, the reservoir was filled with
the test fluid to the full miark (i.e.. 3.17 gal) indlicated onl the (lip-stick gage. The reservoir was then inmmersedl
in a silicone oil bath with a support plate. When the test temperature stabilized at 160 ' F. the fluid level was *-

measured again. The test was then continued for 3 wk. At the end of this test period, the fluid level was-
nmeasuired at the test tem peratutre and also at room temperature. Then, an approximate 50-mi sample was col-
lected fromt the reservoir. The viscosity of this sample was measured by the applicable ASTNI method and the
fluid condlition was observed using the Infrared Spectrophotometer. At the same time, new fluid was evaluated
b)-, the same methods. For the follow-up test at 200 'F, new fluid was added to the reservoir to restore the fluid
to the initial level before samplle collection. The test p~ro'edutre was the same as before, except that the test
temperat tre was raisedl to 200 *F'.

III. RESULTS OF TESTS

A suimmiary of the evaporation test results is presented in Table 1. The result ob~tained for the CTFE fluid
shows a 0.58-percent evaporation loss at 160 ' F for the first 3-wk (504-h) test period andl no further evapora-

tion loss for the next 3-wk test period at 200 'F. Iii add~ition. the viscosity dlid not change (diring these test

pe'riodls. Similarly. the M fIT fluid showed a 0.56-percent evaporation loss. However, this loss occurredl onily at
the high test temperature. The viscosity of this fluid was slightly decreased dluring the add~itional 3-wk test

period. It appears the viscosity improver (V.I.) was degraded (hue to the high test temtperature and/or shearing
force. Trhe Infrared Spectrophoomneter also showed that the V.1 improver changed in this test p~eriod. The
qwcific gravity of both fluids did not change during the test period. However, the nost significant resuilt of
these tests was that the evaporation lo)ss of CTFE fluid was almost the same as that of the ( HT fluid.

IV. DISC:USSION

Tlhe preirninarv evaluation of the candidate fluid was condluctedl using the .XSTNI test method uised4 ilk the

pren ious studyl. The result showed that the candidhate fluid dlid not mneet the initially piropoMsed Army target re-
julireeilt for the non-flaniniallle hyvdrauilic fluidI.3 In a follow-up test, another assessment of volatil it, was

made using the TG A method to prov~ide mjore evidhence. TUhe test result indicated that the candlidate fluid had at
higher evaporation rate at a given temp~erature when compared to the reference MITh'l fluid. This result

substantiated the relative evaporation loss indoicatedl by thle ASTMI test method. IHence. these i;esiilts canl be conl-

sidleredl the true evaporation loss5 of both fluids in sp~ec~ific open systems because both test methods used the air
or purge gras to) accelerate the evaporation process. However, the results obtained from the simulated sen icc

evaIJ4r'itilbn tests showed almost no evap~oration loss iii both fluidis. The N160 hydraulfic fluid reservoir iusedl in

these tet sconsidered asemi-opened system because avery small vniggl xssbtendedpfc

gage capi and its tube. For all p)ractical reasons, thie hlydrauilic systemns of armored vehicles can be considered ii

closed4 syste.ili.

111-f M14A M1 Rrt.,r( 2362. Jim 82.
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"he .iniiilatetl service ei ajporatioJ) test remIls wiere significantl% iferetit front thiose obtained in the twio
vioius test methodIs. This ,all be explainled best by noting the dlifference of opened andl closed systemns. In
ied I .v-tvin. the e iapuurationlo s is diret11 related to the teliijeralirti. tine. ratioi ofi eaorationi stirface

,it to opeing area. miechianical action. and %enifatioi (air. puirge ga) nonditions of, ail opieed svssei.

piir 1% hih e5'ajied fromi the fluid stirface cannuot lote recovered. Unlike the opened svstein. tihe closed svstenlI
ivs not1 permit ai e~ alooratilin hiss. to IIhe mijidj,. bi )ne til- vapor pressuire has been estab lished wiith ill thle

t Ithe amuounit of' fluid4 and % apior remain coinstanit at a givenl temperature. s ince f'or ver% particle that-
apoI4ratecs another i'iniie'uis at the %almir-fIlhei eelitiibrinin.

Ill c4'iiiiitioii %,lithi the allow facts. the test restilts showd that the N160 hvdranilic 11111(1 reservtoir perhoined
acticallk like at cIlosed sys tit. antIIit te Oo p)rev ious tS repI)resenItd openI)ed S N5teiiis. % a it is~i ' oIf

'se e4 Ierinmen ta I1i tie rencvs. thle resu Its ob1 t a Iined from the two p rev niols te.st 11414ii 14 hite no4 co14 rrelIation11

tlliis obltainedi ii (ibe sininlated serv ice vapoiratiiii tet's. liis simuiilatedl servi'e v'% aporatimo tet plro% i4144 a

ali itiv field eiiiruinient.

Thie % apor hires .tlrv o, thev cadidi(ateI' jl41i is ahiolt k-nin Iig at 161)0 'F. F~ront the iiifiriiiatiiii a' ailalile. it
it lie- cuninuded that tive hvdratilic system~s of armored %ehlicles geiierallv% foperate at oPr belowi tii

iiljerattir4'." lit additioin. it is assumiiedIlla~t tite actuail miainitenancie intemral %%ith flid re4] in'ieiit kis hiiteri
an 501 .7 Tabile 2 siniiiiiarizes the results of eiiapioratiii losses byv the differenlt test met4.014ls.

I Lil-ib,' rn -1 .hIont11,mm, t o km I I ii gii 1 m i il ri, aifl-. I da1 l Pr , ii hicl ol i- iil 197, '47).

Ii - ..I ol I, N-lm-rl l Hi,ort. NI I Is.Ir.,gii Heatg iKAll.ipigr iK~ .I.aii,.m. Hrp-ri Ki-79-I8322-1123. 4 trt Ii ~k3Ii-I- 9A ii A .H) . r-ir

I tihri,tim O rder 1.09-23.)11-232- 12.. i. "lank ,.i. hill- Iracked ,I 
3
2-mmri 4lu iii I ll %I,.~ (A) 2." 281) I 4 73.

T[able 2. Evaporat ion Loss by Trest Methods

Io opr oj sed

Iein ierat ure P~eriod Ivaliorat ion I . % rimv Iar.'t

STM 158 6 1-0.8 11.8 <5 2011( in 6 1i

(; * I160-200) Straight 5-12 0-2 I

run

iumiilatell 1 60-200) 1008 0(.58 0.56 N

TG~ result-s are iiwn in the app~enix Ito this repiort.



on the result., (of the simulatedl ser-,ice evapoiratioin tests, it (-all he coichlided that thet highl volatilit% of

iiil iiiernei tinder standlard ltest etiiilitionsi ini open and %entilated circumistances does not re1 )reselita

it loolden ittider coinditions. simunlating the actial stsem environiment. -Althoiigi tis svsten is senii-
I can bie co nsid ered c losed fo4 r all prat't iia purpo4 ses as far ats fliid lo I sses of ( .FE are co nerned . '['It(
iid losses (if ( lFE' are comparabile toi the losses observed mvith the M fluid th u nder ildeitical coiidi-

41,%e iit IilIitI- ne% er stirfaved ats a field luriofliti for the M fIT fl it id. i 1 I Iviteuis wouilu lIie ex I ected for

vflidjeiir



APPEND)IX

rtFIIRm;IIAuMETRh: ANAISIS (TGA) OF HYDRAUIC( FLU ID

1Ie'atifll- Hate 10 0C~i

\tuuu~phr ~N., (! 3%) III/il

IT.iuperal jire Sae500 /il

'liaie ( ;0fl' Jilt Pi

ThrmooIt' chromjel-aluniel

%Nv~idrit L~oss oft I Iirautiie Fliiit hb TG ,X

)uset Tern jn'rat ore of 50-Percent We igiht 1o%(e
1mlic Flidi LE ajoratimi (0c ) Te mpe rature RahngeO(

1,v15 .15-120)
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