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 TUVESTIGATION, OF LUBRICANTS 13 THE 1.G. = RALTESCHRANK
T e

 {raper vead' ~°‘i[ti;9 ogeasion of tho Discussien dbéut natters fs?-?iétlnﬁ
- %o Bubricatlion and Iubricating oila, DVL. Docembor 1941.).. 5

- Summarys - . , - :
, Tas 1o6. - Exlteschrank { Rofrigerator) dovelopsd at %he Tochnisal =
- Experimontal Station of Oppeu has beon feund to possess many uses for - -
‘. imvestlgating lubrioants. With it ¢he dolivery and pressure of a ‘pump
- aubjectad to tha offoct of cold can be ascertainsd and tho influonse = | .
of the loworing of tho setting point can bo apprecinted..  1In conjunotion - -
. with am indicater, actuated by the {orgue of a boarimg, thovhols prosess
- ou the ‘bresking awny of a £ilm of oil may be obsaerveds -  Furthor resgarch
-deals with the breakesway force of eile and its dopondonce on -
- extrapslatod viscosity. . The ratios betweson the break-away. fores ond
- ‘Walther's diroctional factor m are also considered. ' : i

<
¥

. In the invostigation of lubriéabing groases in the I.G. =

© 'Eflteschrank ‘it was found that she broakaway force inoreases vory much. ,
when the rato of shear is reduced. - It has beon found furthormore that o

- apparatus with a fixed torguo. i.6. with verisbic rake of shear, are .
‘unguitable for investigating grocsos. - In.proof of this, oxparimonts with -
‘groaspes wers carried out in tho Schwaiger visccemoter, ahd these clearly
domonstrate the error.  The lattor is avoided by testing ia the bearing -

- ring of the I.G. -Kfilteschrani (refrigerator), the shear spacd’ remaining
.coastant. . ' ' = - Cee e

~Tho behaviour of lubricants in the cold may be briefly summed up =
by saying thai on cooling dowm,’ the visceosity inoroases. There ore oils .
which graduclly solidify and bocemo glasgsy without separation toking place,
~and others which separate sut raraffin crystels at o given tomporature, -
'With the former type of oil, the usual %ost rothods generally dsternine a
vagwe freezing peint that is gonerally fairly lowj; this is however mst
-really e spssifie point in tho behavicur to cold, -but merely the result .
of an approximate viscosity measuremen%. Oils ¢ this type have a Al
steop viscosity ourve and break down in use far above this apparont setting
peint. - The lack of a real freezing poiut is dus to the fast that the
fredoeminantly naphtenio-arcmatic oils .pessags: . a good apkituds for
Tdizgolving paraffin, or olse paraffin is not present at all. -

. - In~the vagd of 6ils of the second type, on cobling paraffin crystaie
separate cud.end accerding to tho homegenoity of the materin), more o
less sharp pour points are odtained. Tho crystals form a.structure

which conteins the rosidual o3l . in the fluid state. Thae bohaviour o6
guch oils iz of¥en quite good in spite of their high pour point, as thanks
‘to their paraffin charsoter they have a very flat visoosity cuwve. Theo
residual oll is therefore fiuid at low temperetures and only offera siight -
rosistance, v.g.  on starting up an engine. - Tho. strenmgth of tha JR
-orystalline structure is pensraliy %oo slight to inorense this. The
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ebsorvations in dotormining the pour point are sise f"gicce;r'eivb:gg_g'egari!e

the qudntity of ‘solidifieation actually presente .

. It goos withous caying that separations-above, Gho wintop
tcmmmims_am»noi;deairedﬁsﬁhﬁy"impade‘ tho dolivery of the oil,

By tho-addition of pourspoint _doprc’aasanté;tha"icqnm&m-égmsﬁt of . T
wyrtallisation can be affcoted %o a'alight extont and tho size of the —
‘erystals to a large oxtant, so that such eils sniy solidify at
~esxsiderably dowor tomporetures (Fig. 1)s  Oils with definito sotting’

points aro net of course affocted by such additives or. ore only .

affeﬁ‘ﬁc‘ﬂ“t{)—a-—g-lfg}ﬁ; oztent,a,_..,v,,_r Bl

.~ Tne bohaviour of lubricating 0ils in tho cold has oviously
- baen investigated by the Ustubo Procoss-of-—tho-Gorman Railways. or by
«-»-~ﬁhefam;lpgaﬁsw'p?ﬁ(‘.’éss doseribed by Vogol. By this msans tho go- ,
¢allod fiow 1imit wes detormined, i.e. the slability of the crystalline

structura, and thon the flo7 propertics of tho crystal fiuid worg
exaninod, which tas detormined by tho quantity and pature of the

‘erystals and slse by tho viscesity of tho rasidunl 0il that could st331

- be Acalled a t‘u@ ﬁuid‘! ‘ 3 . i "?" -.‘«..m..,__‘.‘, oo, w-.;..,

D S R T R L
L= These-mothods ware unsatisfactory;—ohiefly bocauso the interpretation
of the results poots with diffioultics. in practice. - The Teshmical . o
-Expsrimgntal Station thereforo commsnoed gzporiments in 1930 which ware
~comnectad with known practical rosults.  Toots wore 'carried out on
engings in the refrigaration chambor and ‘tho particularly. charactoristic -
. ~oonditlens of ‘thesc onginos wore simylated in smail epparatas. o
-, Bxporizents on enginos aro cxtromely todions and elthough they
possess tho advantage of reprosucing actual pracéisal oonditions, they..
Tals¢ hove ifo_ drawback that Zho offacts of rumning, 0080 011 dilubton— -
can scarcely he ovorcomes In mors acowate oxporinonts te be cerried
- out on apparatus it must List bo Lergotton that the offacts in ‘wractice
2n the lubricants are gemorally ¥of¢ out ef accounc. _ s

... Our expdrimsnts aro alrcady Pamilier through the Repor%s of tho- _
~fTachniea1‘Expcrimeni:g1 Statien., A collobted publicatien is still Qasking,
-epard from-the troatise in the "Ringbuch of Aeronautios”, < "™Di¢ .

Chemiache Tochmologie dor Sahinierstoffe" » in vihich Dr. Zorn alss reportc

o4 our exporimonte, It woild thorofero be of somo interest &e farnish -

a survey of developmont up to0 dato ond tho oxporioncs of revent years.

: '_ﬁ'é initieted our expa’éi.ments in 1930 with (,and;as far as_wo_lmgw -
- %o wors thoe £irst in the field with this) tho bshaview of a film of ol

. betwsen piston and oylindor and after proliminary exporiments on & B
--Hanonag-eytinder, evelved the apparatuo, shon in Fige 2o . :

A oyliwmder is provided here which 18 surrounded with a cooding
- Jacket, through which toluol cooled with CO; onow can be passed. Tho
‘piston, which is coatod with oi}, is hsla poised by a balanss arm.:
AfGer cooling and at—the ond of. the requisito peridd of waiting, the
‘piston was got in aotion by comprossed air and the Pressure ngeessary

%o do thisz'was ueed os a masura for the resistanca.

Anothor apparatus dating beok to 3931‘ 34 -ghe?n in Figo 33 hore twe
-@ishos moisktenod with oil, tho cuter ons with a cooling jaoket, are .
retated in opposito directiocns, the “orquoboing preduced by weighta on -



& cablé‘ &ruzﬁ. : Appuru.tua of %iu typo have alroudy boon manti.onad :.n
- ’cochnico.l 1:.tora~bure, at eny ro.to a3 rogardq fluzdo. LT

' A1 mcaa appo.ratus fa:.lad bacauao t'hau' construetion was, greatly
af‘faccod and projudiced by -tho-cooling- jacket+——In-spite— ofﬂall*“—*“
p3583ble care, it wos uravoidablo that the moisture of the atmosphore:

had a detrm«nml offect an the masm‘owents by tho formtion of iOOn :

_ In 1932 wo. ﬂmraforo adonted tho p’rinc:.ple of: using rofrigerators 5
“in whmh ko most varied maching. components aeuld be oxaminod.  Fige
4 chows a.section of such sn apparatus: .. Characberigstic of thia typs-
ef construction, which was ovelvod by sursolves, is tho ooolmg by
© 8o0lid carbon dioxido, which is kapt in a soparate compartmsnt. By
‘msans of an adjustable grid this sourco. of cold can be brought in ,
oontact with theaxporimsntal chamtor proper. By this arrangoment .not .
only can relatively very low tomporaturcs bo 5ax~oratod “but work can
-proceed comparatively quiokdy, as opposod to dovices with refrxgere.ting
machines. - The o'bjaot being oxperimentod with and tho messwring
instrumonts are viaiblo through n window. Tho cearso adjusimont’
of the temperatizo s offected by ad;;uatmo the rrid, or olse a finop -
adjustment van bo mado by electric hoating, whion in tho now modol is
automticany oontrollad by a thormom{.are ;
; Rci‘rzgarators oi‘ thze typo hnva StuOd tho ‘cost of tma nnd are.
86411 used. Fron tho largo numbor of oxperiments conductod with
lubx-icants in tho oold sta‘bo, n fow oxamples m.ll bo pmkod cn"c°

oo Por ineﬁmmo, wa- oecupmd oursolves with {.he qu st:.on ag to how

an 0il pump behsves in tho cold and built such a pump in tho '
refrigerator (I‘ig.\ 6). By msons of this apparatus the temperatwe

- oeuld bo doterminod at which the oil no longor flowed to: the pump and -

" furthorrmoro tho ocutput and pressure oguld bo observed as a function of
tomporaturo. - Tho influonco of tho sebting point is unmistakoable
(Fig. 6), as at a somewhat lowor temporaturo tho oil no longer ficvs -

- to the pump and its presswo thoroforo drops. - Tho ¢ffeet of an agont
that icwors the sotting peint is thus clearly demnstrnble. Investigntion
into the pump dolivory output gave a similer pioture. R :

In order to- simulato oondl.ticns in a gcm'od mechsmmm, tho devico
shovm in Figo 7 was built, in which o rotor provided with dledes
rotated in o hausing with irtornmal fluting, and thus knsaded tho
soiidifmd oils Ths reauisito torqne was recorded by an zmi:catom :

/ Expermn“s sheved timt in the case of sohd:.i‘md o4l, tho broake
aray {oock the form that the blade wheol filled with oil rotatad frosly

as a disc within a corresponding. cnvii;y of the hous:.ng. - As will bo

seon from the diagram Yraced on the drum, & very high torgue first of

a1l ocow's, which speedily fells %o a vory lew figure, and ono that
camot bo asoortnmod with oznctitude.  With oils mvmg ‘pour point
doprossants, on tho other hand, o uniformly lox torguo is prosomt, which.
is produced by a oryatalline luid that e obvicualy still vicoous. Tho
. racordings shown-are mado By differont springs. That aotual maxima

‘of the torguo that ocour ere-in tho- ro.tio of 312 = 1. All those
oxporiments wore highly valuablo for agsossing pour point doprossants
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-'und tholr offpc% sn vgrzoua ons,, particularl;ux& tima when cons.\derabiy
less wag lmowmn ahout "cbe 'behavwo.r gf lubrwa.nts 4:1 \,he cold than is lmotm :
k”wﬂay- S . A ; . . - .

Tho example of‘ i:hz,s knead:v.ng dev:.ce shs’as tha’c uho cf‘ys uanms
 structure may very woll Ppossoss & strength—ﬁhmt ‘oxerts a practical mf‘iuence,.
o 23 v,raa first of alla surprisg that in examining a ‘baaring gnd- a. joprnnic ,
.'no effect of the sotbing point was-foupd. . The devioo used alraady been -
reproduced dmgmmmticaiiy in Fig.A% Iu may also bo seom in Pigs. 8 and
9, which at the came time chew the method. adoptad 121 co*xst?uoting the :
1.6, =K!r1tesohx‘an~ (refflgerator) cince 1938° ‘

‘Iha bea.ring ring, in muoh i:ho same way as shcmz in tho case of tho
¥rooding dovice, is oonnocted with an indicator whioh tracos the torque
on a drum. As in starting, the jownal is ‘gnddonly set in motion after
. baing statzomx‘,v For this, an elootrio motor with gear and coup'linz is
‘provided. &coor'dmg %0 the typo of: mo¥or, the spced of the shoft is
~abeus 60 rop.ms - Tho adjustmant botweon the journal and the baaring ring
correaponds to hght Tunning. . -By used differont journals and widths
- of bearing. (Pigs 10)y- varicus maguring ranges cen be set. The spring
¢an aiso bo cha'xgeda This device. represants definite- preg:‘ess nampafeﬁ
with the sarlier apperatus.’ :Pormerly, by employing suspended weights
exerting a dotormired pressure constant forcez were produced and the
. slid:mg speeda thus obtained wero used as a measuro for the resistance. - .
- In-tho nowr:device, on the other hand, sliding speeds of a definite mg,nituds
ware produced and the resultant rosistance forces were mescured. - .
-Aceording to Rewon boltk methods can bo used with true £iuids and may aiso
bs appiied to-determining the vxscosi"y..', In $ho presont instance of '
‘solidified oil; however, Wo are no ‘lcnger cnncerne:i with 3uids. . 1% ma
' cbagrved that even in e.ppazenti,; nma"pncus oils d.es 0il s0lidifying. -
" without orystallino separation, there are traces cf a certain ste ucﬁ:we
at low temperatures. -In-these oircunstances, it was not possible for
’ ,praotmﬁl:’f‘éa—séﬁ_%—”dccermina the sliding spesd as a funstisn of the -
Porsos im play. At lovr temperatures very often ne movement occuwsd; and
" the use of fopeos of different magnitudes predused no compareble resulic.
'Hewton’z axiom 15 not thoreforo applicable and the offest of the sheax.
aposd must bo eliminated by the faot that the precess takes pmca asa
. doi’:.n:.te chear peed and tla requlaﬂ.e fcreeo can bo maauredo e ~~§~'

Wa- have always at'baohcd inpor?:anee to observmg the whole Trocess
on the breaksaway of @ filfl of lubrilcant, mnobt just contenting ouraclves
with measuring the resistence offered by o broken film.  Fig. 11 shaws
that tho torgue which occurs at tho boginning should be sorutinised
carofuny, a8 in the dlfi‘even‘c oilo 1t follows 8. charaotoriatic 901]3’500

- IS must be confaescd now ﬂ*t the first starting reazstanoe of the
oils £ilm with ordinary 0il is of no p"act*c»al a1gnifioaneo, o8 the
- resistance -of -the masses to be accelerat ted in en ongime is very much
- gz‘eater. - For a thorough rssearch inte the oils, the recoduing of tho .
" break-avay nevertheloss is o valuablo aid. I% has been chown that ths
crystallino strusture my very woil g*ve 2 measurable msiotanca,, as 18
rartioul a.rly the ocage with ohva 611, The eize of the orystals forming
in the ring clearance is olearly rostricted by tho spice availablo, so
'tha'z: the offect of prur po:.nf: deprassams is not aemonstrableo‘

The peri.pl-era" force - goryasponding o tha maxinum torque, in re.te.twn '
to the surface c ’che film, wWas, formarly ca led tho e.dherence and uosd for
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i}'aaeosaang t.ho oilﬂ Sinco hovover the wrm. “adharenco" haa m :
‘earmarked £ a vetting proeesso in acdordanse with tho mow - .
-nesanoiature, in Mm'o thé oxprostien Troak-awny fareo” will ba_
used instead here. it mist bo Boins in nind that this figiwe
Z;;&oaa. no% inolude - tho :shear strong‘&b, ‘80-that the vnmes hﬂsf:ata
“are enly valid-for a detormingd diavbtor of of jourpala  1£ the® -
- assesemnt 18 1ot to includo the strongth of tho orystaliino struoture, :
=tho rasistancs oxerted by tho broken oil-filia my be usod, and tho -~
hoight of tho dingmn car Yo moasured m’{-.er o daﬁnite iuterval t’rom
_thn_oommmsmen!: oi‘ rotationc S ————«-r— :

Exporimta wit'h luh'j.enting ous 5.:: tho' uold mmte a good dm o
_oi'timeaatheoﬂefﬂmtahaaammtimtofarmaawuattwo,; _
{Fig. 12.)o  Tory hsmogonsens oils very quiclly veach a fim} statoo
.'In minore}’ 0418 a sharp rise id adhorenco is clwly dmnsmvlo S
at ﬁratauﬁemc g-adual riea aftomards. : . L

o Pa;«ticulariy Wml 15 the behaviour of a vegotabla ou (Ouva o
on).,. wheso ofl £43m has nst bocomo stable after as mich a9 8 heurs.:
This phomemsnen is aan known, end Bekroports, to toks an example,

_that oastor edd at -20% does no% 283URe & mxgnfom fer duya, whzcb
iethmanlytmnsfmdutose- :

i

S ﬁm spsed of groaah ei‘ the orystais, which ‘alse dop:mds on tho

- visossity of tho rosidual-o0il, must thorofore bo examinsd evor a -
cerrvospondiug poried. Fmﬁharmro, after oach exporimont the

" ‘apperadus must bo warmed up again and furniched with frosh oil, as

-a erystalliiio skoloton that hau ones beom destroyed gremd 4P 8BS,
differont way from a etmplotoly now one, where to beginwitd no emtal
_puolel ore presomt.. That tho spead ef cooling of suoh mmitiplo., -
mixtures must be watched 18 n fact thot ie a8 wall kmewn to the 1ubz'16asz
.oxpord-as it is to tho wmnnrgiat, in regard tc tho orysmuim
'atmotnrc. L

The omnplaa given i’ Figo 2@ are ?eprosentative ar ¢ho my =
*axpwlmnts that havo boon mado on- the adhieronca of o0ilss  Tho offect
o a i visooaity with the aamy viscosity ivdox 85 to to found in
7043 1-ap. oomparcd with 033 2, 043 S ‘hos a elightly highor visgoaity
: %hnn 8, but’ hna hig!mr adheraneo caing to its swep@r vmmity ourveo_

’ A oeanpieteiy differont p;otm is- ntf&dsd by&imnﬁ,:&;eh -

el kw Zomporatures, and in gpito of Plat, 1.0s goed, visoosity CUIvoss

 produses vory high valdos,as the Yow tomporatures cause 44s - -
trigdycorides. to orystallise dub moro guiokly than 15 the ¢ase ad .
higher tomparatures, 4nd se. tho fusufPisdont tim ef witing o 2 hours
ic mrtly componsated £or. : fhe depondoncs on temperatura es shomn s
theref'we avareom by the spsed o @-aath of the cryatalm ST

With i:he cthér oﬂs disanaaed. this 18 net the caso no horo, ¥he
waiting ‘poriod ¥Was edoguate. - $incoe olive il cemaine about 307
‘glycerida and/in the rrosent instanse had o ssbting poimt ef < 13"3.,

- the strnetural ‘Sorength. finally attained wno .groage - O3ive odd .

'$5 thoroforo o cpooial cade shewing ¢that an i3 with o vezy fiat -
. wisecdify owrve my ba wnsuitablo for thosespditioms provailing fer
st:arting np frcm cold,, ming te the high <] of aapamtisno



e fI.L‘.fiS%;".oi"iv,d_"fdiiwﬁ:iS" mixed with 031 1, the rinv vascosity curvo of
‘the vogetablo-oil will have & favoureblo. offact. Tho separations . -

-camst oxort any ireluanco oaing to their ims 1gnificancos possibly
‘tho Griglyvorides ulso romin ia seltlon, o

" Png,:":xd;éqéogdi‘ngl‘y;ﬂsh‘ws"tyrb §n the usugl ohgito odls tho
‘geparations cheracterised by tho sotling polnt hava, in smadd - - .
guansitios, ne effoct on tho starting.rosistancd. .. 0f the oils "DY
with 2,20%, . or “B7 with 2,169, 03} "B", which i3 1oes faveurabic -
“in starting rosistaxico, hes tho lewor. sotbing pointe ~ Horo tho .

.viscosity curve, which for ¢his @il gives a VI g 72, is dacisive. " "

‘Tho thimnest ol “A" has o sobting point of =243 Ouwing to its.. -
obvicusly mapathenicearcmabic character, it e o ‘stoop viscesity ourve,
‘and therefore a high starting reosistancg, and it i sofo Yo soy that ™
_ita setbing point is an apparent onge - . - S SENICHE R
-~ 'Tho_tomparatures &t which starting is ossible with oils o o
‘ignoring tho. ddution of iho oil by fugl rosiduo; my be ostinmated fyam.

“the eurves, - if 2. ¥g/on adhoronce: isndsumad Co ba gppa'oximatolyv' tho
1init with o shear apaed of 19 eq/}'scc{,’-.a_;_;imik with which mosk .

sturters can ¢opde . .-

.. Tho edheronce-is im’tho Pirst place dotormined by the extrapolated .
viécosity and tho bohsviowr of similar eils may accordingdy e . .
‘prodicted with soHo degroe of cartainsy, oo 911l bo scom from Pig. 18s

- Selrmaigor-elss skaws in his work 4 vary considorabic agrogmont bejwson
" %ho ¥ coldeviscosity" obtaincd by himself and tho extrapolatsd '
ViGCQSEWoi‘,.* .

. A% tho 'oth‘erkzd of the scale, ‘however, is-olive 0il, Whuse S
storgicg resistanoo\is completoly-datormined by &hog soparation; VYiseosity
enly ingioazss vory alowdy in'the etids Fce*vari%s’ typeo of .-
cemmoreink 031, Fig. 16 presants a contrasty hore i @31l 02 soel that -
“'0ils with tho sama “extrapoldted visgosity may hova very difgevert. . -
adkoroncass - As. a'r@le of thumb it roy be assumcd that thiek oils
‘0ils with o £lat viscosity-ourve bobaye

~behava more’ favourabla aid : )

wopse thay is-indlcated by the extrapelated viz00sitye’ v

wiwn . 1P for 041800 thu. semd viscosity ab 1300° %ho adhorenco at, fov

- gzampio = 10°, ig-plodted ‘against Uaithor 5 Tackor, the character isti
ratios given im Figo 17 will ‘be obtained. & vory similar Tesult is .

. obtoined if instend of the dirvection constants tho viscosity index -

or %tho pole hoight iz used { Fig. 38). Firsh ef-all it w31l bo found
tat the. starting rosistanos nazorally diminishes with inereaging.
£lattoning of ths viscosiby curve., This'is partioulardy-merked in
tho eago of tho thick 0ils, whilo with thin ¢ils an improvoment torked
in tho viseoslty ourve dosa not havo such a pevorful offact.  The ;
ceusequenca of this oircumstanco 19 that {ho curves appede to intorsced

“at o peint. . According to this ratio, Thich was. discovared by us in
193¢, it might ko expocted tab with a £latness of the visacosity cures

{vnich has b, indeed, beon achieved), tho oils oe rogards thoir o
starting. behaviow, ara guitae ‘3udopondont of Gho viscosity. c

| ag'a rulo attemphs are mido to ascertain-the propurtics &f -
SWbricating greasc by using -[ressure. viscesiuetEed, - 1§ is difficult
by thig means to achiove & 1j01atigziahip'ftith actuaX condition”
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- eapcoially asg ( and th‘.xs will be shom later ‘on) -th shaar speed play.. :
B3 considerablc part in the assessment. - We- therefore quiokly dncluded -
grease in ‘our expsrimenta. - The good reaults obtained by us in this g
. connootbn Wers reaponszble for the - IWL—vaking ovsr an I&:-»Ké’ltesohrank
(refrigerator) from us in 19385, o ¥ ,

Whorens accordmg i;o the: doflnition of “the v:.aaosity conatantawthe
.foroe %o be used boars a relation to the tipeod produced, other laws
apply to non-fluids. ' If, for instange, in:the I.G. = Flltoschrank '
(refrigérator) gronse was placed botween bearing and journals, aogording
‘%o experiments oonducted~by" Dipl. Ing. Eslder,-the-adherence rises - o
sharply if the-shear spoed ic redused for oxmmple to ono third (Pig. 19).
The directemeasured valwes of the torgue raturally drop in accordamcs -
7ith tho lew specd and wore converted %o the normal speed of 60 r.p.m.
Both experimonts show that tho greases reddt differently toa
sariation in the shaar spsed. From this it may be conciuded that-
zreases should not be exemined in apparatus working with a fixed terque :
f.6, with o verlable shear spsed, and that for evory quality figure the
ghear speed uzed must be’ indicated. ' .

, In ords:' ’co px‘ove this, expermonts were carriad out thh an
epraratus of this type. - Tho viscosimoter developed by Solwaiger was
“-used (Fig. '20). - This is a dish or cyiinder viscosity ., built $nte .
a refrigerator. A journal of 80 mm diamoter iz provided, surrcunded
by a sleeve in e loose seating. . .The journal iz rototed by a oable
drum, set in motion by e suspendod wWaights Tho shear spsed therefore
“adjusisitself to tho rosistance. .Tho. valuee of tho apparatus intonded
- for tosting lubricating oils in the cold wdre given in oentipoisas, -
although with oooiod oils there is never any ques’rion of true fluidao :

“The resiatance of the broken oil=film is measurad¢ . From the

iomest sttainable temporature of - 15° ‘ormrards, maasuremants Wero taken’
~with_rising "cempemture s without heating being spplied. = With ,
ourront oils the apparatus givos very practical values, although it

does not pormit of amy deep insight imto their bohaviour and only works
_ecerreatly if the materiel being examined apprcxmatea to a fluid. ~ Such

is gonerally the case at o temperature of ‘= 15° as the sotting pointe

‘of these oils, which have pour poind dorrossants mixed with them, are -
lowor. Fig. 21 shows that thore is a cordain ratio botween the valuos

of Schwaiger ‘s apraratus and the I.G. apparatuz. If tha setting poind .
13es ologe %o the temparature at sthioh the inveatimticn was sarried oul,
‘the influence of the shear specd will make itsolf felt by the fact that -

¢he apparatus indicates too high “Viceosities”. This is porfectly
urderstandable; for non-fluids have at low tempsratu?ea a cortain stability,
- also called tho fiow limit, which £inslly 1s ac great es the foree
‘introduced, so that no movemont is possible and consequently the "’Vi.,oosity“
is infinite.,' ‘This“is however inccrrect, as the. reszs’mme is- far frem
bsing Infinitely gseeam R o

Te avaid_ those diffioulties by appiying groator ferces ix not of
~evurse possiblo, as this doos not msan a merc alteration of the measnring
. range. = Indeed, the sliding speeds are altercd simultancously sc that.

. %he measursmants would be taken under quite difforent olrcumstances; and .
the magnitude would have to bo altsred whose effoct on tho measuromInts
“1s Feoieely the cause of the prosent diff‘ioultyo S .

. Whilo the ei‘feot of “the chear speed . io demonstrable with olls under
‘the said gonditions, its effect in such a" sylinder apparatus 15 whown
partioulariv wi+h rrassaes having a soap structure filled with thin oil.
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Different zhear spssds are rroduced very siuply by susponding difforemt .
woights.,  Cases will caoup vhero:a trabled walight, 1.0, Siorque wiil .
producs: not threc Limes but o burmdred times tho drum speed. . Ascordingly,
with rising torque, e drop in Sviscosity™ will caour, ag. showm by the -
next figure’ , Ho. 22, It ig-interesting:to note ° that the gromses = -
Anvestigated alter their order of evaluations " Wheroms Orease FNeo 1 . -
ds-only 51ightly affected; Groase No. 2 aszes firom the first to tho P
third place.  Grease 1 is thorefors less affeoted by the shear speed and
bears more resemblance to o puro fluid than Gresse-2, = 7 e
1 should Yike te mention ozprasely that Schwaiger's apparatus 43 .
intonded for mesasuring oils and net grosses. If nevertheloss greases
~have been oxaminsd here, this was moroly dom in ofderto demonstrate by
moany of o spsoially pronounced cass, that oylinder epparatus yleld .
- uselegs valuos in all cases whers the shear spaed plays a parts Bigh
- "visoesities” are given too high, besauso a low ehoar apsed §s obtainsd,
and with low resistances the reverso is the caso. 45 o resuld of thic
-oircumstancs, & distortien of tho "Viscosity swve® takss placo, a5 thy
Bheap gpeed 19 less at low temperaturss than at high. It ia net ©
hioggver possible to oorgsct the owrves for. flatness beeauss, as shewn
above, the "visooditiss™ of the individual materials are affeoted vory
- differently by the shear epeed. Thus tho "viggosity ourves® aps
_distorted in a mamner which veriss from matorial to material and is

‘guite beyend controi.
R . : / .

. Tho pooulisrity that greages are affeotef in different wiys by
~altering tho chear spsed, may bs sougat in thoir more ar loss groat
- tinilarity to true Pluids. It is neceszary to carry out a thorough
investigation in this direoticn at different, but in aaoh case fixed,
- shear spseds. R T O R : S

11 examining grenses, es exoollont ezaaples of nonr=-fiuide, 41t will
be found that the path tredden tho Tochnical Exporimentel Station,
{who &ere the first ir the ficld) of neaguring lubrioants in the eold

stoto at a f£ixed shear spoed, was the right one.. R

. Het-only the pesistancs botween-boaring and jowrnal is of inpertance 3
the brittisncss ef the solidified grosas must bo reokened with, floz
the grease must always remain 8o pliable tha¢ it does not break cut of -
the beardng. . An interesting ‘question arised also through the poculiar
-6ffoet of wator-oontont cn the bohaviour of greases ia the oold,. ¥a
hope %o bo able to conmtribute te the clarification of thie and other ;
questions within the scope of ow ressarch oh tho bohaviowr of lubricants
“4n tho cold. . B - ' '
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