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Symopsis: . oo S :

:f‘Thé}céﬁditibns undef>WhiChin different enginéroiléfwereisubjeﬁtaﬁwigll“ﬂﬂ‘

pumping tests,. corresponded largely to those prevailing 'i;q:_a_-fo_olﬁ;engine,é. The
results obtained -indicated that the quantity pumped from a. vessel during a

V" INVESTIGATION OF -THE PUMPABILITY OF OLiS

_certain interval largely depended on the solidifyihgjpoinﬂt, ‘while no ‘relation ' .
with tho viscosity ‘obtained by extrapolation, ‘could be established, ,Inve_stif

gotion of the rate et which the oil pumped out returns to the ‘01l sump

_showed .no ‘connection between that rate and ‘either the point of solidification

or with the viscgsity, " A relationship between prectical conditlons and

_viscosity eppénrs toaxist ns long'es the viscosity is not thnt . derived by
_extropoletion, but thrt me~sured on the cold engine: .= fucthor condition being

- 1) Object of the Tests:

“that such mecsurement tokes 'pl_‘:ce. et verious shear rates, -

P

The Testing Skation received insbructions from thé’ OKH.to follow up

o. line of research and development urdor the following terms of reference:
"To detormine a new numerical factor by means of which the behaviour. of engine
‘and geer - drive oils at low temperatures, could be dofined", . o

2) Goneral Survey of the Field to be Inmvostigated,

"Bohnviour -ot low temperatures” is nothing more than a- cotlective
torm applied to ocas¢ of starting, pumping, circulation/ete, Apd os none of -

" these properties effect one cnother it is ‘necessary to investigate them -

singly, Starting resistance is sotisfactorily determined by the break away . -
tests in the 'I,G, cold chomber, the results “obtained easily ‘becring coﬁxpo.‘rison
with actunl practico, The factors governing ease of pumping dre less well

understood, and the tests sorve to investignte the pumping of engine oils ot
low temperatures more closely and,also to correlate-the-rosults with the -
vorious coefficients at present in use, - ' S
. ThHe apporatus-built wes based on the following considerations: tho
recson why the pumpability of enginé oils at lower temperatures requir&-eny—

investigotion ot all, is thet-every-now-and then an engine run in winter will

suffor damage to its bearings, pistons ond cylinders~immedictely on starting,
owing to the lack of oil in all. those parts which require “lubricetion, = Even
as the engine is sterting the oil contrined in it will be pumped, either:.
completely: or prrily, to the lubric-ted prrts, On gecount of its high! vis~-
‘cosity, however,. th'\e'/oil_ will not flow b-ck cnd will stick to the internal -
wnlls -of “the engine, ' The pump will, -therefore, run dry very quickly end
cease delivery: the latter will sturt ogain as soon as ths o0il flows bock . .

to tho oil sump, o process which is quickencd by the running of the engine snd

the temperaturo ingreo.sev,cau'sed by it.nljie_ time t'inte1'11;:9;1—6:.1.1':’Ln,g which n’o, e
delivory of oil takes place, is particulerly critical arnd it seems obvious
to ‘consider -that oil best which keeps the time interval a minimum, In order

to Pe cmsidered "pumpable" an oil must meet two demrnds:’a minimum quentity .
‘of 011 must bc dblivered right from the moment .the sterter is operated: nnd this

amount of o¢il must Teturn to the sump-within «n tccéptable space of time;, Ihe’
test must therefore show whot portion of a-cortain quentity of oil cen be- ’
pumped within o given period as wéll as the rate at which the 0ll thus pumped
will return to the sump, The apporetus doscribed below was used to find out-
these properties ot cold temperaturo, o N -

-



i3) Apparatus Employed :

A complote il pump system.of the type usod in motor cars, and equipped
. with a ‘¢éom sbrft rnd ~n oil fllter, vms mrde ovailable far the tests by the
' Daimler-Benz works_et_Geggensu. The svstem ¢ complote: with oil conteiner, was
© instelled in the I,G, refrlger'tor._ (of "Imftwissen" ?GITQ_NO 1 Page 19 1942)
. AXl the ports whlch come into.direct contnct with_ the oil were pl&ced‘ln the :
. cold chamber ‘of the tank,_thus cqulrlng “the temporcturc: produced in it, The-
’derlven end of the pump- projects from the top of the chaimber and the ecom sheft
" in the chnmber wt.s -rotated at 60 rpm, through a V-belt drive, *'The pump could .
also be operated ot o ‘spued of 720 rpm, although this speed wes not employed
'_durlng any of the tests described below, As usunl, low- temperaturos were
-6btoined with the use of carbon dioxide Msnow", and weré kept ot & constant
level by oan electrlcal hoatlng epparetus, itself electricelly conjrolled,’
‘order 'to perform the various measurement two different pieces of ) paratus hud
to be installed in the working space of the cold chamber, The first. one-of.
" thom wos ‘intended—to—show the amount of| oil thet: could be taken from o vessel
. of given dimensions ot low tomporatures .while the other was to produce :
information’ ebout “tho monner in whlch the oil roturned to. the vessel after.
pumping, - ) _ .

B n) Thc former ‘apperatus is 111ustrcted on, Sheet 1 Tho pump is 1mmersed in
the 0il so that tho suction/filter ‘is ot o depth of 7 cms, bolow the surface,
. the pump proper b01ng—mbove—tho~surfaco an-arrangement which is somowhat v
similar to on ectual ongine instellation, ''In this ccse the 0il filtoer wus.
left out, it herd been found that the: worklng pressures in these tests are In

. ohy ‘cnse invariably those at which the by-pass valve opens, thus cutting, out -
the filter, - The oil, thorefore, is forcod from tho\ pump 1mmceletely into o
f~p1pe 1ino 700 mm long and 10 mn int, diameter and hence through .nozzle of

© .8 mim, dlnmeter into o.calibreted vos sol The nozzle diometer is . the deciding

- foctor. in”the test,. -The nozzle must._be such thet it is equlvulent to all '
the oil exits" in nn-enging: rough calculetions showed: that o cross=sectionnl
cren of 0,5 Sg, gn, WrS reavired, resulting in o nozzle dismeter .of .8 mm, A___
pumping trlal wos mrde ot + 50°C sc rs to test the rccuracy of this result at
720 rpm, u51ng oil-of a viscosity of - .pproximately 60 centistokes, the trial
'resultlng in an oil pressure of 2,5 ntmosphores which. roughly ‘corresponds’ to ‘
. pressures observod in practice at that speed, In offoct, then, the nozzle™
~and pipe line- adopted in- the appoaratus. offer: approxlmately thc samo r681stance
oS all the lubrlcutlng channols in/en onglno

b) In the second apparatus (shoot 2) the filtor wns' ;ncluded in the pipe . -
cireuit, cnd the oil wns pumped beek into the conteiner from which it wns .
pumped ‘in the first plrce, “In- order to impede  the flow of the oil to. some
extent durlng its return to the sump, it wus pumped up'an inclined plane,'
and then once agnin reached the suction pipe-after passing. through a screen,
‘The. object -of this wns to imitate cctual engine ¢ condltlons as necrly as -
_possible, The total length of the pipe line was 1600 mm, 1ts dlameter ’
(1ntern&l) 10 mm und that of the nozzle wos 8 mm,
- The . arrangement of both thermometers und the thermocouples in euch

'upparatus is. clear from sheets 1 and 2, o

.4) Methods of Test . fu,"5imw:‘- o '_f__‘

_a? Mbusurement of Quantlty Pumped

The 011 sump wus filled with 3 11tres of oil, this quantlty being
cdhered to throughout ell tests, and the pump was run for a.short time at
room tempsrature to frec both pump ond pipeline, ~Tho cold chamber wos then -
__oooled to the experimental temperoture vhich was kept constant’ for .6=10- ‘hours
(the time verying with thes tempernture choseh) For the, temperature to be
uniform unusur 11y low. tempgrotures requiro ¢ longer time being token over this'

cooling thon do higher temperqtures. Beforc the test beglns the temperature

§



~_ ;3:‘

{5 ohecked on the thormccouple, cn the two. thermometer: immorsed in the oil’
"on either. side of the suction pipe, und tho temperoture or the air tooy. is:
obtained, -In.accordance with on oesumed starting time of © mins,, -the pump -
wos set rotuting at 60 rpm, the oil pressurc boing measured at 15 secs,

-intervals during the run tnd the smount of oil pumped in. those 5 mins being -
monsured by weighing, Without renewing the oil, the test wasuthen‘repeated
&t verious temporatures, . T / R e :

b) Tesks. on tho Flow Bohaviour of tho. 0il Pumped '

© ¢ 4 litres of oil were Used to coémpletely fill.the wholc systom, ond in
order to -remove all oir from the.pipe and filter, the-pump wns run ot room -
temperature &t o speed of 720 rpm, Por o few minutes, . After that, the test.
proper started at 60 rpm,. uniform speed, the oil system being cooled through-

out, The. temperature (thormomoters in oil, and thormocouplés) and the oil
prossure were megsured 2t cortein intervels, The test terminoted if =nd when

fthe.pressufe'suddenly-dropﬁod'almbst to 0, nir bubbles appeared cnd delivery
practically censed," ‘The tomperstures r't thet point, cnd tho highost oil
pressure"nttﬂined were then noted, - S : e .

" The following oils were investigutod:

CTABIE T -

0il | .. Viscosity C.S. et % w5 . ¢ | Spec.Grav.| Solidification
No, 20 ., .88 1 99 |t r Y ge/emd Point °C
,1 ! 288,40 @ 87,97 | 8,75 | 69.1 3,80 ;2,26 0,906 . i _ .0 -
o2 . 456,10 1149,10 13.56——97. ¢ 3,48 1,91 0,880 | el2ese -
3 58,12 172,30 - 13,66, 78 3,65 2,21, 0,911. . b =18
4 330,00 105,80 L 9,98 I* 75 i 3,73 | 2,200,905 T . oo=19
5. 282,00 796,93 i 10,22 | 91| 3,59 :'1,96/70,877 -26
6. i 189,10 ! 68,85 8,28 i 91 | 3,62 :'1,89: 0,885 - = -4l
. 394,50 130,20 12,25 92 {'3,564 1,96 0,883 S al4
8 11086,50 '275,10 [-17,10 7 7l | 8,70 12,43 0,911.. | -20
9 179,80 | -Ag.14 7,99~ 88 5,66 . 1,91 0,875 =267 B
10 : 317,10 i109,00 | 10,97 ; 8 3,65 . 2,05 0,902 : -25
- 3
. __RESULTS |
)

"n) Determingtion of Ouantity Deliverod,

N " .The tests shaw thet within the temperaturo renge employed, delive}y‘,
usually cerses rfter 1-3 minutes, the oil pressure rising quickly aftor tho
“first few revolutions, ¢nd then fr1lling slowly, As scon =§ cir bubbles '
appesred the prossure dropped to &lmost zero snd delivery of oil proctically
_ceasod :-while the quantity of<oil forced throvgh tho systom under high /-
_pressure during the first few minutes,in an wnintorruptod stream, is hardly

incrénsed by the -subsequent delivery of occosional sm1l -amounts of oil, -
- Delivery actually stopped boforo_the, spocified pumping ‘poricd of 5"min§, hed .
glepsed, although there was still sufficiont oil left. in the container, This

londs to the conclusion thet responsibility for the smll quantity of oil -
delivered doos .not lit-with the low capaeity of the oump, but the fomet that "
some ‘pert. of the muction funnel of the pump hos freed itself from conteet .
with the oil, formed o erater-like depression on the oil surface thus permitting
air to enter,. This deprossion can sctunlly be observed with the ncked eye -
the pump itsolf and all its parts on the suction side wore completely cire

tight, and no¥leaks were noticed ot any time, : o :
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end duo o its low solidifying, point, the '0il is s4i11 difforently pumpable ot

v

LA

o

. Tiagroms 3 ond 4 illustrate the results of these tests, while - 7.
dingrams 5 and: 6-show the curves for-the-highest pressurcs ohservod during
the. tests, Tho groatest amount which can ‘be token from-the oil container - .
with +tho ‘pump. employed is 2,6 litres, end—the lower 'kliini'b[a'dopfbed, Tora
pumping time of 5 minutes, was 1 litre, Ezectl ‘what quantity of oil should-
represent the minimum used for strrting is e metter of opinion: the pmount of

oil absorbed in the-lubricoted pcrts is ‘comparatively small, so that 1 1litre

E

of. 0il w:flelf-\proba.biy suffico, Compared with the. quantity which it is possible )

%6, pump. (at room temperature), this represents 38%: the ‘investigation is,.
however, ;f;n’ce;xddd also 4o .cover.the case whero the omount denlt with is 2
litres (= 76%), If that tompetatureisTdorivod from the graophs on sheets.

3 ond 4, atrwhich quantities of ]-litre, and 2 litres respectively, cen just -
be pumped < hereafter reforred to es critical temper~ture (séo table 2) - its.
reletion to the solidifying point is cs shown in dirgrem 8 (sheet 7), This =

relotionship is quite clear, mo mtter whether the cri‘lﬁico;‘l..temgératﬁr? ig 4

pagod on dolivories of 1 .or 2: litros, For the criticelr “compepg‘,;u;?g;;:joas.e'_dt on
o delivery of 1 litro tho viscesitigs wore. obtained by c::“’s_:,'.;;.jf;:;l;;'h.1.0;:.upc_l in=.

“goppornto in tlo graph. 01l No.l is'qn opumple oiinn ‘ u v

'uﬁ=g hfgh-tn@paraLUre,whbﬁmitﬁ extropointbod visl 7ois eLili o vary low, whil

o]

oil which fuils 6%

oil Wo, € hchavdn in the opposite wny: despite, its high oxtrapolated viscosi

low’ tomporotures,: It is cloar, therofore, thot in these tosts the point..of

solidificstlon is “the deciding factor, whereds ftho oxtra polated viscosity: is.

r.ctically-no ‘conseguonce = & rosult which. is ‘not new and v\(a's mentioned in~
Report No,269 (1984),.~ . Lo N R
7 - The~fraphs on sheots 5 end € are irdiections of the mximum prossures
observed  during the 5 minutes of pumping -- the maximum preéssure of 50 otmos~

phercs measurable on~the manomoter. being frequontly oxcecded, - The pressures

" show an approximately linear decreasc os the temperature rises,’ ‘With & -
dolivery .of 1 litre as basis, the 'pressures cerresponding to the eritical —.

tomperatures cbtained from sheets 3 ard 4 con be read .off from sheets ‘5 and 8

(tsple 2), Dicgram 9 (Sheet 7) shows the- pressures thus obtained for the, -

“

.
»
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of

Cai {rerent -0ils, in nscending order of mrgnitude: comnerison with the viscos- -
 ities (by extrrpolotion) shaws thrt.thero-is - certain, though not ¥ery satis

e

fymg Fbint falls, This apparent contradiction ‘can be explained as follows:
_- the oils tested all have approximantely, the same, viscosity, and ¢ low. point of”

-scglidi?iéqti'on is clways coupled with high viscosity, nnd vice verso, High -
viscosity, in its turn, causes high 0il pressurés, ond os foilure ‘during the
punp tosts is widely influenced by the sclidifying ternperature, the latter .
ean be soid t6 directly ~ffect the oil pressure meosured ~£ the oritvical
temperatire s L L ' e

‘factory, conncction between the -twog — . >

B ‘ - : _ . . A
: ~ 'TABLE 2

0il’ - Cri‘bi'cazl: Tamp, (°C) Extrapo]..‘\f_iséos'ity' 0il Prc}ssure atiPoint of -

No, | basod on'delivery -i for erital tomp, . critical temp |Solidification
o of 1 ltr, 2»_11;::-8° ‘ © 1 Ytrecs : 1 1*re, atmos, - . o°¢ - T
Ll =35 - 0,5 2300 4,0 o
2 1 -18,07 L - £10,0 12000 21,0 <12
3 =17,3 | -13,3 37000 31,5 -18
4 1--22,0 0 A17,7 0 34000 - . 33,0 -19
5 =25,0" i/ =20,7 " . 30000 - . 45,0 .28
6 . -46,00 | .-28,0° . ~ 550000 250,0 a1

7 =148 1 -11,4 A 11500 .. 20,5 -15

8 | -21,0 | .15,0 210000 ° 43.0 " 220

9. 26,0 v ~20,0 ° - 17000 Lo 32,0 <26

0 | ~24.4~-f 1 -20,2- [ . . 33000 - - © 4 45,5 =25

e ! i e b e
.Strang;ei'y\ﬂéﬁoﬁgh the oil.pressure ‘is‘:’éegn to inerease as the 50lidi-
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. hudging by the "Az;e‘s!‘u,lrbs} so far ob;taiiiéd-, the following conclusion can
be dreyms . on the guction side of the pump:where the oil flewe owing to'its -

- own weight, the s olidifying point is the deciding foctor. 0 “he delivery

side of the vump where-the movement of the oil is_involuntary aud tekes place

8t greater ‘speed, the point of sol idification losss iTs imporvance. while the.

9 - . ; . DER R :
viscosity. = roughly determineble by extrapolantica. - gains in significance,- .

g @

‘The ‘suction side of thé pump, however, and " hepce-the solid'Tation ‘point dre of

great  importence to the quantity delivered,,while the behavicur of the oil.on
the delivery side can be of little. import, except porhaps when it is desdred

to determine the mechanical work necessary for . pumping: the higher the oil :
‘pressure, the greater is the amount ‘of work to be done by the starter, In the -
tests dealt with in this report, the ‘mechanicel work -done was not measured,

but various signs of high-starting £oFquo;—ike slipping of the belt, wer'yy
noticed in conjunction with high pressures: for instance, oil No,6 mokes very. .

' high'dem,nd'S'lén-‘bha'stb.rmg’-p‘swor of the engino, It is ‘doubtful whether a

_starter is capable of ‘developing enough power to overcome the sombinad resis- =

. ‘tance ‘of the pump, bearings and pistons, and thus start the sngins, Rather .
it is telisved that tho' sunction end will free itself frem cen’oot with the

0il surfree after a few MInniss, whoreupon tho pressure will fall, vhen %the
mechanicgl power required will be sufficiently low.to make starting possible, -

b) Tests on the Flow. of the .Pumpe‘d- 0s1

. . ‘The resul‘bs ere shown in teble S,l '
. rown ' -

~ oitWo, .2 30 o8 a9 10
(& ' o . o o O - N
Separatotd = | .Separata.bd Sepntrate 8  ;Sepurated Separate S
w2 : Tests ! § 4 Tosts ig Tosts g Tests |5 Tests - 1§
- 2 ) 5: . . . 5 15‘ ; g-
K B . ‘. . ’.;N.x |“ : ‘ _ < .
Un:tirberrupted ;;-9,2 S ...'1_8.2 _ ‘/ '2-17.6 ’ _ :_11'.5 1o
delivery up to (-8.2. -9,1 | -'3,0 =17,3 i« ] +20,0 ~16,9 -17,3 -12,1 -11,8
, : R | 4 ) : g
. 0il Pressure.at
" end of Test .-
_atmospheres.
E;id:_rap«:.»l'zavt;ed~
. viscosity at
. end of test,
© 8olidification . - 4 PRI a IR o
, Point. . o =8 o =20 O - T SRR
T T kel slipping | —i6

X

" These experiments give an indication of the wey the oil flows, .

: once"vi':‘:_has“pa‘ssed the pump end is: on its way brok to the oil container, -
Some 0ils lose their stiffuess, on stirring, pumping ete, and in consequence .

. %heir flow is more setisfactory £hen before. 0il No, 1 beloigs to that .
entsgory flowing sufficiently well at -9°C, although it has o solidification

point of 0°C, T};é ‘recson for _'this' 'is not un excessive heating ‘effeot
produced: by pumping, but the following: “the crystcl structure which couses

“the high solidification poin'bljﬁestrgyéd‘fby pumping, and the flow of such an

“-0il is thoroforo more in accordancc with tho oxbrapolatod viscosity (in the

“cnse of oil No,l this is still very low at the solidification temperature ),

whether ‘qr »-‘no_’c, a dha'ng_e in the flow beheviour of the oil is produced by pumping
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- bv1oqsly depends to & 1arge exten'b on': the 'type of crysta] structure composing
jt, ‘Any oils whose temperature falls to the point of. soua;flm.,‘.on w:.’chout
.preol 1tat1ng solid particles, flow sufficiently well: al:ncsx' doma to -t:‘ne ‘
‘point of solidification: ah exe.mple of this-is ¢il NoiB,..- Fhe' fav Gosts
carried out so. far do not-allow u’ general ruling to be prend suncedy, and 'bhe o
ques“a".on of flow of‘ 01ls af"er pumplng; obv10usly requlrec Lurtr.e.-* 'Jmest:.- o
gatxm, : o . ‘ : B ’
0*1 'tbe strang’ch of 'these results, Js;he questlon e.r.;ses 'rmaohu a new -
factor is required at all, ~As’ far as one can judge from 'bhe outgoms ‘of" the
'tests»carrled out, it seems 5 possible satisfdctorily to define: the qu..ntrby
“delivered in terms’ of ~the. solldlflcatlon point, end, the. v1scosrby may serve to
‘define’ the subsequent flow-of the- oil: the v1sc051ty, however, must be that
" ‘obtained by ‘measurement, not by oxbrapolatlon, and this must not only . embrace
measuremenf ot different temperatures, but partlcularly at widely different
" shearing velocities es greot differences. in that respect are met: with in
practice, At Tow temperp'bures cnglne oils ere. not. 1dea1 T\Tem,cn"aq fluids |
“in which thé viscosity is mdenenﬂent of the shesr 5TE6G, £8 fcvei Ly the -
~follow1u:_", sixpie test in the Schwoigen viscomBter, If.e Lot . of 3,0 kg, is
- wmploy$d: instead of one ‘of 0,9 kg, the periphoral spced is not throe— nd<one=
" third times as grect (3/0. 9), as mlght be expected from Newbon's: lo.w, but. it
.is much Higher, indicating a lower viscosity. As shown on Sheet 8, the’ change '
in the mecsured viscosity thus ‘effected varied from ono .0il to ano"bher, ‘and
produces o’ change in tho-order ‘of merit if the oils, ~In fret moesurements e.t
. higher loads’ are more in accord with the: oxtra oolo'bod viscosity than those o.t
- low locds, and the Shecr speeds in the tests 111ustrntsd on sheet 8 lie .
between 4,2 'nd 1100 cm/sec, g 'T‘hese veloca.tles rre S‘blll very hlgh nd
cm,

for the investigation of the flow, for 1nstand\e, they would hcve %o be ‘con-
-_s:.derably lower, presumcbly. resulting in further re-o.rrﬂngomont -of "the oils
in: o new order of merit, Thesg tosts. show, then, thot. by employlng different

" _shear spoeds, the. mee svred viscosities very very much indeed, Prosumnbly

they would ‘encble voluoble conclusions to be: ‘drawm regording tho behaviour .
. ‘of the lubricants ot low temperatures in cctual pra cticc., -And they clso
show.that any mecsurement of viscosities of low temperatures is reo.lly .
.pomtless -vihen no de ta chout the shoar spocds is oV 11ablc.

L

DESCRIPTION Y LT e

‘Fig. 1 Measurement of ‘the Quo.n'bl'by Pumped a‘b 1ow tompera’cures.
- Figs,2&3 Flow of 0il cfber: Pumpmg Appara'bus used to’cal 1eng'bh of plpes
o 1,6 metres "t ronmrand” - ‘sereem, ..

Figs.@sl‘ Ournhty Pumpedﬁremperr-ture of 011 .
. T Ordmﬂ’ce-' delrrery Hurmg‘S‘mifrs“ &

Figs,6&7  Mox, 011 Pressuro/Temperature of 0il "~ /
‘ ‘Fig.';S: o Crltico.l Temperc.ture for 1 andQZ 11’cres, pomv of Solldlflca‘bl on
o.nd extrpolo.tod v.;scom.ty - comp“ratlvc curves, - _

F-ig,“.9‘ : 01l Pressuro &t Critical Tcmpomture, points oFf" so‘Iidlfn.co.'bion o.nd
e extrapolotod v1scosi‘by - compﬂratwe curves, :
‘Fi-g, 10 ’Schwo.lgen Viscomoter: V:Lscosrby at -20°C, employms_r 2 ﬂlffai'ent ‘
o locds, os compe.red with extrapolated v1scos1ty
e, Xaxvs no. of 0il, | e I ,
 The. t mpera'ture noted on- the gro.ph represon‘b tho pomtb of
sol;dlflcatlon. i
T v1.)coslty with normal 1lond, 0,9 kg. torque 3 6 om kg, :

~ Viscosity w:.'bh loo.d of 3.0 ke, torque 12 cm.kg.

-l

emmmmmmmenaas ‘Viscosity by’ extmpolat:.on.

(041 No, 1 could nojE be measured).





