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Summarys - - The Lubricant L.K.2200; which is soluble in water, behaves:-like a good ~
‘motor oil as regards resistance to cold, lubricating qualities. end corrosion.  The
formation of residue is oxtromely low, both- in the water-cooled engine for vehicles
and in the air-cooled aeroengine, which runs under more stringent conditionse
Thé running time until the ring stiocks is 30 hours, which may be considered very
~goody The oil consumption-remgins’'within normal limits. A disadvantage, however,
is the high content of dissolved ashe This is in all probability the cause of the
formation of the granula¥ sedifent; which has been obsorved in experiments with
engines. Lubricants of this nature do not dissolve in mineral oil and camnot . =
‘therefore be used in I.C. engines where it is desired to go over at will to other
lubricants. S : R : 4 C IR

Its solubility in water makes L.K. 2200 suitable for lubricating torpedo gear,
‘as a visible oil track is'avoideds. Other eppliocntions are textile machinery and.
hydraulio gearing, -When mixed with water, L.K.2300 may be used as a non-freezing
sooling fluid. . S S S : ‘
Objeot of the experiment ..~ .= | SR . .

Various polyglycol ethers of multivalent alcohols wore to be tested as regards
their suitability es lubricantse. ~Among the five samplos made available with the -
designetions: L.K.1/Ja, L.K.3/Ja, L.K.5/Ja, L.K.11/Ja, LK.14/2070a .
L.K.s/Ua'seemed~tq be the most suitsblo as a lubricant as regards solidifying point .
end viscosity. Large quantities of-this-product were therefore prepared with the -

+

new designation L.K.2200 and tosted in the manner doseribed below.

'A. Laboratory experiments. e R

041 analyses, The most oonspicuous property of this product is its behaviour
¥1th The normal solvents. In water and alochol it is soluble in any proportions,
but will not dissolve at all in benzol and petrols From the physical and chemical
date oollated in Table.l, the following will moreover be notloed: o

.. The specifiic gravity is higher than that of ordinary oils and of water. This
ciroumstance may, emong. other things, bring about the fact that sludge and other
impurities are not deposited on the bottom, but remain floating on the surface, and
thus reach the engine, Whother in actual practice the higher specific weight has
this unfavourable effect is a matter which must be demonstrated by experiment.

- LiK+2200 has approximately. the viscosity of a summergrade motdér oilj with its
viscosity indéx of 117 it shows very good viscosity-temperature behaviour (see Fig.8),
while the solidifying, flash and: spontaneous ignition points are likewlse very favour=-
able. L.K.2200, is somewhat hygroscopice A& water absorption experiment showed
at 20°C and over a period of 24 hours, 0.40 gr. watere. With concentrated sulphurio.
aoid, under the same conditions, a water absorption figure of 4.5 gr. was ..
-ascertained. - S : \ ) v A B

With a water conmtent of 4%, tho viscosity at 38° C amounts to 105.08t, as - - .
‘ocompared with the prdduct freo from water at 116.8 oSt. The viscosity change'thhs a
4 . |

amounts to approximately 10%. - ‘ v ‘ ‘ o

Fig.l. shows the dependenco of the solidifying point on the.water ocontents
Up to a water oontent of about 30%, the solidifying point falls and is here at sbout
~4704 A further rise-in the water content, even at relatively high temperatures,
‘oauses -cloudiness, which is dbrought about by the formation of 1ce orystals. It will
be seen from-these experiments. that an admixture of water up to 30% is without -~ -
. . - . I
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" significance as regards ‘the position of the solidifying point. L.K.2200, is e
alkaline in nature, as will bo seen from the nogative acidity and saponification
indexs " The asphalt content is 0, while the ash content, ‘compared with Army unit oil
(Wehrmachtseinheitsol) -and Rotring. atteins a relatively high figure at 0,025+
This is to be attributed to the experimental method of manufacture and could no. -
doubt be greatly. reduceci,-' " L less favourable feature would appear to be the high
Conradson test, which, howover, as exporiments with engines havei-shown»(cf.p.&? -
‘does not permit of deducing the formstion-of residue, which might be expected.

© " Artificial ageing by the Indiana meéthod demonstrates the extremely favourable -
behaviour of L.K.2200 (see Fig.2). Partiocularly noticeablo ‘is the extraordinarily
slow rise of the aoidity index, whigh in the caso of Rotring D very quickly. attains
high figures. The saponificetion indices are the other-way round, From this it may-
be inferred that during the ageing of L:K.2200, it is mainly estors: that are -
_produced,— which-experience has shown to possess a good lubricating actionm, so.that -
this phencmenon cennot. be gogarded as unfavourables Sy R

: ‘An examination of the oil aged in the BMW engino (of.Fige3 ) tallies with the .
results of artificial ageing. Here again we see a sharp rise in the saponification’
index, which points to the formation of a large amount of esterss The acidity index
18 a long way behind that of Rotring D, The thickening of the oil is scarcely o
noticeable in L.K.2200, whoreas in Rotring D it reachos a considerable figuras With
Rotring D the ash content is nil during the oight-hour experiment. With L.X.2200 .~
“even when the oil is fresh, the high ash content practicnlly does not inerease at all
during the. first stagas only during the last ten hours of the experimont ocould an
inorease in the ash content be obsorved. This ‘concentration of dissolved ash towards
_the end of the experimont is probably to ho attributed to-the consumption of the ‘oil
" and to the contamination of the oil with load compounds, derived from the fuel, '

Sinee L.K.2200 showed alimost Pour times the period of running sompared with Roh’"ing"D',:.'"' :

these influences have-a partioularly marked effect with L.K.2200e¢ - L

 #imilar conditions are obtained by investigations with oil. aged for 50 hours in
. the Opel engine ( see Table l.) By way of oomparison Wahrmachtseinheitsol was useds
Here, L.K.2200 showed a rather higher saponification index and a greater ash content
than Wehrmachtseinheitsols on the other hand, there was no formation of asphalt.
The thickening of the oil was slight and .about the samg for both types. .

' Testing the lubricating properties:
a. Four ball machine. IR

g

" L.K.3, which ig the equivalent of L.K.2200, attains in the four. ball machine, .
.04 at very high surface pressures, about the same figures as Rotring D and is .
superior to Aeroshell. In this respect, ‘therefore, it is the equivalent of a good
_ engine oil (see Fig.d). . . : . S
be Wear machines ... : . : : L : '

“in the wear machine, L.K.2200 shows very slight wear. ‘It behaves somewhat
‘1ike T standard, while the more fluid Shell AB 11 and the two engine oils Aeroshell
medium and Rotring D quadruple these wear figures (see Fige5). In this apparatus,
therefore, L.K.2200 is far superior to minerel oils. IR o

Heoat tost.. = P ' A oo
~The bearing of the Wisldnd bearing machine was subjésted to the -constant load’of
210 kg/sq om and tregted with 12 ocom 0il, After the machine had been started up, the
oil temperature was measured at detormined intervels. With Wohrmachtseinhelts8d,
resistancé ocourred at 43°C, while with L.K.2200 it was noted as low as 39° (of. Fig.
9). A repitition of this exporimont confirmed this result,  With Wehrmacht- —
seinheits®l, therefore, the difference between oil temperature and room temperature
“4s 23° C, while with L.K.2200 it is 19° C., This represonts a difference of 20%. \
' This rhenomenon is to be attributed to the superior heat oconductivity and to _—
the higher specific heat exhibited by materials of this type. ~-Such behaviour is
- undoubtedly highly desirable in many cases .ocourring in-practica. In the oase of
varying operation with greatly .fluctuating temperatures, L.K.2200 is not liadble to
‘such great temperature changes as ordinary oil.  The viscosity will therefore only
“vary within nerrow limits. As a result of this behaviour, the effoct of the
viseosity index, which is vér‘y high with L.K.2200, is still further enhanced. -

a e D
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Corrosion test. : L

In addifion %o L.K 2200 +this test embraced several analogogs products, viz.
L.K.2524, LK. 2326 and L.K.2526. The- test was carried out at’ 100 'C in a test . .
tube without air passage and lasted'QG hours.' Every 24 hours the oil was renGWedo_

i When fresh, the oils L.K 2200 2324 and 2325 cause’ appreoiable corrosion with
zine, which exhibifs a wolledefined loss of Weight (Fig.7). With other. metals,
all the produots behave quite normally, The lowest degree of corrosiom.was
observed in the cage - of Ll.X,. 2326. In this respeot it is superior to RotrlngD.

In the used oil from tho. 0pol engine (L.X.22003, the vory appreciable
inorease in ‘welght-of olectron-is -apparent, but in order to give an .opinion
on’ this phenomenon, a oomparative experiment'with used Rotring D. is neoessary.

Resistanoe o’ oold. ’ v a )
ST In Investigation of visoosity in the oold state in’ Sohwaiger 8 apparatus down to
=300 C yielded no significant rosult. ~As will be seecn from Fig 8, throughout
"the whole temperature range 'L.K.2200 ocoupies a ‘position between Wehrmachseinheitsol
‘and Rotring D, The poor agrecment betwoeen extrapolated viscosity and the results in
Sohwaiger's apparatus has bgon observod in all the oils, nd is therefore by no
means & special features ‘

.On & par with the exporiments in: the—Sohwaiger apparatus the breakaway experd '
iments in the I.G. cold chamber also show a good behaviour in the oold, oomparea
_with Rotring D (see Fig.Q)a : . 4

B. Experiments with engines._'
50 hour's runnlng in an automobilo Otto enginea.

. L. K.2200 wgs tested for engine behaviour and lubricating- properties ina
- 143 litre Opol engines . The test lasted 50 hours with varying 1oads.

e The englne behaved quite normally, (of. Tablo 2) An 0il temperature betwoen
6507 and “¥5% was attainod. . The oil. pressure was 15-207ahigher +than in the oase

of the Wehrmachtseinheitsol used for comparative purposese. This rhenomenon may '’

be attributed to the higher visoosity of the L.K.2200 and is without signifioanoe

for forming a judgement. _ .

& .

After running for 50-hours, the, machine was dismantled. The findings in all
parts were. vary satisfactorys The. running surfaces ,of the piston rings and pistons,
ag well as the working parts of the oylinders, were completely smooth;. the
sonnecting rod bearings also presented-a pelished appearance without groovese The-
tear in the rings correspondod to the normal oxtent of woar #rith normal suto. oils.

. - The r651duew on the topﬂef tho piston and combustion charber ,as woll-as‘on '
che valves, were oxtremoly slipglit and could easily be removeds. The highl?”
test does not, thereforo, have e projudicial effeot in praotice.

et

i i

= Oil oonsumption, 42*25.5 gr/hour, is more than that&oﬂT&ehrmaohtseinheifsol.

The. additional consumption in thaese experiments is no doubt due to the lack of o
aoouraoy in measuring the oil. As exporimontd with the BMW aero-engine show, where a
more exact measurement of oil oonsumption is possible, the opnsumption of L.K 2200

~is-on a par with good engine oile ~ = - ; _ S AR

Ring breakdown test in a BMW aero-engine.n -

During these tests the BMW-132 aero-englno ran under 1ntens;fied oonditions,
so that after running for 8 hours, the calibration oil, Rotrlng D, brought about a
failure of the rings. L.K.2200 was tested undor the same oonditionsxand the following
results were seoured: (of.tables.) , N
. " The runhing time of 30— hours may be regardod as very good and oorresponds to
the best aero~sngine oils.‘ Oil consumption 1is normal. Wear on the piston rings is’

%favourable, and despite ‘the long running time, it is. less than that of the Rotring
vtest. . >

Dismantling yielded the following notioeable findings: : C

_ The piston was in a somewhat dry state, but otherwise presented\the normal

. appearance, A oonspiouous Teature was q somewhat granular depofut ’ which was '

i
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observed both on.the»piétonfandion the shaftinge The rough running of the comnecting
rod,ascertainedﬂafter the +test is probably also to be attributed to this residues

The oause:of this formation of residus is no doubt to be found in the high conten
of dhsso{ved‘,as’n‘._-_u_, o T T B AT o T

€
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Possibility of application-—Tw... P A T T F L N,
T b=K+2200 can be used-by-itsylf as:.an engine oils Difficulties, however; ettend
the trensition from normal 51T €6 this product and vice versa. Since no solvent %s
Jmovwn which dissolves both lubricants. a thorough cleaning of the machinery followed
by-a change to. the other ‘lubricant is both troublesoms and takes time. For-this . -
‘reason L.K.2200 can scarcely be considored for automcbile or aireraft work. .The
ability of an oil to dissolve in watar is in certain cases and advantage, @8 for
torpedo machinery, in order to -avoid a visible oil track; furthermore, in ’
‘lubricating_textile.mAGhinery,’in Order’to‘remove‘anyvstains‘in the spools due to the
lubricant.}vMoréover;Iiﬁ fight be padssible to use this procuct as' a £i1ling for - '
“turbo-gears In the case of wehisles, o mixture of water and oil would be
advantageous, not only as. goar fluid but also as a cooling fluid for the englne.

I




" Values:

TABLE.1e

Unuéed 0il

ANALYTICAL RESULTS.
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TABLE. 2% . RESULTS OF TR*ALS 1IN THE OPEL ENGINE.

e S SR ;_L.K.zzoo..-i‘;- L
S . ... soFowwun ' Army Standard 011
i TR st ST T 4100, Hour Tane ™

011 consuxﬁiﬁtioh' DT g/n | - 25.5 L e ,,-15'_.4‘
'Piston ring wear . . - U :
‘absolute: ‘mg- B22.2 —— .. 64l
hourly. o ong. 10,57 Bk
Deposi’b on the four _ o I
piston heads - .8 1,220 249603



Table 3.'- RESULTS OF ENGINE TRIALS N THE BMW AERO ENGINE.

R e L.K zzoo L e s Rotrlng D.~i
‘ e — : T :
Running time to rlng; Y ';f‘ _’ - G n" &
failure’ ) WL LR B 36’ g
011 oonsumptiog_Lg/%_ ;,;--fﬂsgs 380
.»Pistgn ring Weexr . U : R
- absolutes ' . = V-"""Z—G 59 ~ 36712
. per. hour. f»' """ é?;i'f ~,JO 095 04464
SR SRt o ”fem,,
Results ‘on disman%hn‘g B R I . DR
Piston head ' s Thin, black coabing at: édgd,;y?w; Thln, greyubrcwn ooating &t
RS grunu;ar residue esp. on edge moderate formation of
e expoeed s;de R AR 011 carbon.
TR iy
“‘Ring unit Slight;y soiléd. esp. on fg e Moderate coking
REERES ‘ exposed 81de. R f;;L.- ./_ e
 Shaft © 0n inlet side, fine; light . Bq;pt black,

v o brown costings ‘on-outlet.
IR side,normal pressure points.

: Bolfb':eye ‘ Thin, dark brown coa'lnng on -‘ ’Eg;gn’c-blaek.
el ~exposed side somewhut more, ' ‘ ‘ )
I~;strongly.. .
’~1011 holes ‘7_ Freg - , 'kw. - ‘__,i, _Free
fnnér-siae, ' Moderate, black matt coatlng, | Black coatlng, th:n, like
e “on inlet side rather thicker, - . 1aoquer.
R foliated. partly blistered
R r951due PN
Inletvvalve-i Compared w1th normal oil rather - No findings:'f

‘ heavier, black, foliated res1duo
" Connecting rods . - ‘Rether rough connooting rod : No findings. :
' ’ . mﬂrunn1ng. Piston bolt bush slight
pressure points, easily soiled
by granular impuritieS4 ‘

,

',Ctheefing'red head: Dark matt blaok, oraoked ‘coating,  No.findings.
S like piston head inszde, rather . '
o dry and brittle.
Crank webs . ' : b1ackish--grey,oi.1y sediment, No findings. |
' ‘ rather like asphalts - / :

.Figures.'

‘Figele - The pour p01nt of mlxtures of L.K.2200 and watere
‘Fig.2.  ~ Results of the Indiana-Taste . P
'Fige3e ’ Values for oils aged iwm the BMW enpine.

Fige4e ~Tests in the four=ball maohlne.

- Filgebe Tests in the wear mochivas

" Pigebe Heating experimentse . .'." ° ' Wieland maohine.‘
Fige7.. . . Results. of the corrosion tests. y L e :
Fig.8e Viscosity of the oils under toste = e

Fige9e Bneakaway Tests in tho I.G. cold chamber
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