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single~cylindor test engine

by K. Deln
Synopsis:

An endurance test on ‘the synthetic oil of the Ruhrchemio was carried
out in the liquid-cooled single-cylinder test engine until the piston
rings seized. The results are compared with thoss of other oils used .
with good results in ‘agro-engine operations.
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I. Introduction:

) On the basis of labofatory tests and of the tost run in the Siemens
oil test engine it fust bo assumed that the synthotic oil of the Ruhr= .
chomic A.G., Holten, is an oxcellent oil for heavy duty aero engines.  °
An endurance tost was carricd out in. the singlo=-cylinder test engine with
tho liquid cooled B VI cylinder in order to check this end particularly
to obtain information on the behaviour of the.oil in continuous operation.

(

II. Materials used: -

The ‘iab.oratory tests of fuels and ],ﬁbricazita used for ‘this _enduraﬁcs
test and for the test run with Stanavo 140 used as a basis of comparison

are tabulated as follows :-. .

\

1. Fuels
Endurance run 3677 .Endurehce, run.$9
./ with R.C.. 0il " with "Stanavo 14Q"
Puel typs - . 0.N. 87 aviation _Stanavo 87
e v gasoline . ) -
Supplicr Lo PR Olex (No.' 258/36) D.A,P.G.
Density @ 20°C (kg/1.) . 00731 . 0,728
Refrective: Index oo 1.4096.0 0 oo - 1.4070
“Gum' test: (glass dish). (mg.) BeB o 4.0
,Sulphir content’ % et 0,08 © 00,01 .
Iodine number ST B3 T L.z N
" Octane ‘number ‘ T 87.3 : .

v - 87,6

ToE.Le (Vol. g) ., 0.083

“(continued on page Z)
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DistiITation on A S.T. M. rethod

undumnce run SGII Endurance run 9

\ with R.C. oil with Stanavo 140
1.B.P.OC i L) €8’
Distilled et 5o°c (vol.%) 2.0 7 -

60 ! " : Bu5 - . e -

70 ® " ¢ 11,5 1.0
80 ® " 21.0 11.4
Q0 " " 33.0 41.2
100 * " 40,5 69.0
110 * " €6.0 87.4"
120 " " 80.0 94.4
130 " " ‘ 88.5 97,6
140 * " ,  94.0 L -

. ;180" " Q7.0 e e
F.B.P,OC . ' 152 . 154
Residue (vol. %) 1.4 1.5
Loss " v 1.0 0.3

2. Oils

a) Test oil of Ruhrchemie A.G. berhausen/I-Iolten
Type: SO 2001 (improved quality) . o :
Reec. No. 41/36 (analysis) snd 255/36¢ (endurence test)
The oils 41/36 end ?.;5/30 supplied-for the analysis .
end for the endurence test hed to be delivered in
the same quality, . Tae figures for’ 255/36 are indi-
cated in. bracKets in the following “test results.

Colour: reddish—brorn, slightly fluorascent
Siell:’ mild-:

Density & 20°C “(kg/l.): 0.8c3 (,.870)
Rofractive Index - 1.4804 (1.,4837)

“Viscosity. at .;OOG ;'. 217 (22 ’5)
. AL 5 139 (145)
Solid foreign mat'l;er i 0.0
Ash . r 0.0
Asphelt +.:0,0
Neutralisation No. + 0.0
‘SrPonificction No. : 0.0

* Cerbon Residue (Rnms-— .

*'; bottom) © 1 0430 (0.34)

. DVL sgeing: ’

Volatility (27500) %. 79. o
Asphalt = T %i 8.8

¥

Apeing Tost {Air Ministry)‘:‘

Original oi-l-%—~ ‘aged 0il = increase
i : .

Svecific gravity & 2000 0.863 - 0.895 0.030

Viscosity: @ 37.89C, OE (Cp). 44.5 (287) - 150-(1002) 237 (249)"
" WoB0 M mlwit gy p (ymg) i 6407 (429) 298 (z08)

'Gvrbun residue (Rr-usbottom) 0,50 . e 0 827 " 0.52 ',

“(continued on page 8] + ‘
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b) Roference oils

e s

Endurcnee rum 9 . ENQUrancs TumsTT
‘ - Al, 44, 45
Type . Stenavo 140/ Groen Bnnd
‘Sunplisr ) De ieP. Gy " DuV.0.A.G.
Doisity & 20°C (kg/l.) ' 0.862 © 0,888
Refraétive Index 1.4964 . ' 1.4879
Viscosity @ .500C- (°E}. ... :30.1 - . 21.6 -
. " « v (Cp) 199.4 - .141.4
Solid foreign matter :
(wt. %) ‘ 0.0 , 0.0
Asik 0.0 0,0
Aspnclt . ) 0.0 0.0
Noutrelisetion number 0.0 0.0
0.0 0.0

Saponiricstion No.

III, Test procedure snd results:’ «-.- e

The test run_was made on & DVL single-cylinder test engine, équipped
with cylinder end piston of the Ei VI engine, series 7.-  The tost was
carried out as in the endurence Iuns deseribed in the DVL report PB 172
Dehn/Gléser, "Use of motor-benzeno in &ero ongines subject to high: .
thermal loed™. - One of these test runs cerrisd out on 0.N. 87 avietion
gasoline and Stanavo 140 oil 18 uséd as,e besis of reforence for the
following tost pun. . PR Sl

1. Referenco run on vGtenovo 140" (endurence run 9) -

S Bonzene-frec, "Stanevo 87" and "Stanevo 140" _wér'e used.-  The follow~
ing operationel. conditions eppliod : g . R
Pover ... 4% Yours 25 H.P. at 1500 r.p.m.
‘ . : %hour 50 H.P.-8t 1650 r.p.w
Fuel consumpiion gr/HP/h - 245 :
keel/HP/h 2560 -

-Coolant: outles temp.- - - - 140G
. 0il outlet temp. .o a8l
Compression ratio €.8

Ignition timing (° b. T.D.C.) "20

Temporature in the centre of

the piston crown (determined ' :

by molting plues) ; .~ betwoon 290 and 3059C

: The test eurves appesr in Fig.l. The sndurence- test mog dis=
continued after 63-5/4 hours becruse rapaated power drops gave rise to '
. the assumption thet one or.moro piston rings were stuck. It wes found )

thet ‘the top Ting wes stuck betweon 700 and 1700;-the second bstween
70° and 175° .. - Rings % =nd '4 wore free. The: o1l holes of the 01l
sereper ring wore partly ‘choked. . Otherwise the enginoc. condition wes )
normel.. - During the tost, oil semples were” taken from the return pipe -
efter:10, 25, 35, 50 end 60 hours, as’ voll ss’ shortly before stopping
tho ehgine. T

2. Fndursnce run on R.C. oil ﬁost No. 3611‘ )

1 The-0.N. 87 rvintian gasoline used with Stenavo 140° later becemo

no -longaer aveilable without: benzens; an 0.N.: 87 Olex avietion gasolino :
heving the “seme density as the proviously used Stenavo 87 ‘wag, thorefore. -
used. - The results of leboratory tests for this filel and for lubric -
-éant. SO 2001’ (improved que 1ity) 'ere showi. on pagaeg: 1 and 2,7 “The: opeir=

eting conditions for this. enduraence ‘test ere tha'sems.ts’those of - the : .
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the reference test (see vage 3). On the test run a new cylinder and
ribh-tGootze-Fallt rings-wera_also used. . After e 13 hours:
‘running-in period, cylinder and piston were taken dowm, cleened and
measured. ‘The engine casing and the oil lines were ailse cerofully -
cleaned before starting tho cndurence run. > comme

The tost curves ere given in fig. 2. After 20, 35,. 50 end 60
- hours the cylinder was lifted and a check was madas. The valvas. vere
always'slightly slack and conscquently ware po-ground. This, gp;évor,
ogeurred slso in the earlior endurence tests with "Stapevo. 140" end 18
caused by a failure of the velve sorts. Wheon- examined efter €0 hours,
tho .piston rings waTe complotoly frco. The rosult et this'stege is
thorefore more fevourablc then after 63—5/4‘hours in the roforence test
with "Stenavo 140", when two rings Twore pertly stuck. The cylinder
. was not .teken down betweon 60 ‘and 90 hours. No power drop or increased
~blow-by-into the c¢rankecase was mscertained bafore this stage- After . -
dismentling the cylinder, the following results ﬁerc‘found =
B Piston rings: - - The top ring sticks
somevwhst et.one point, though it still moves™in-its groové, s -The .
second ring is seized on e narrow sector botween 120° and 1659, The
faect thet no irrogularities occurred in the ‘ongins .cperation up to the
90th hour, leads us to infor thet the two top rings moved quite freoly’
in ‘their grooves -during operation..The 3rd end 4th rings are ‘completely
-loose, The oil holas in the piston end screpsr rings are unobstructed.
The eppearance of tho gudgecn pin is normel.t  The piston crown showrs
1ittle oil-carbon (sbout 0.1 mn.); con the piston rim a thin ridge of
0il. cerbon can be seen on inlot and exhrust side. The rubbing faces
“on both pistcn:end cylindor hevo worn well .and present no scoring.  Both
velves ars not quite ges-tight. Gonnoeting rod end bush are feultldss.
The sperking plug ars & good appoaranca. Fig. 3 shows the piston efter
90 hours oparstion. . .

. If the two tosts are compared, it sppeers thet thcvruﬁning time
until the piston rings stick «es considerebly lcnger for the R.C.. cil
(90 hours) then for Stgnevc 140 (63—3/4 pours). - -In.the frmer no power
-drop or incrossed blow-by intc the crenkceséd had cecurred; the rosult
was -even better then with the roference cil. o

-3;'Altaratinn‘gg.tﬁe,ail"

Bhe test results of the cil semplos teken during the endurance run
3617 Are shown on fig. 4. It shows the increese cf foreign metter, ash
end esphalt ccnbent, ‘as well 2s of density, viscosity andVSnponificatLon
“pumber with the running time. . The drep in velues nfter -the 70th hour
is due tc¢ topping up with fresh oil (see fig. 2)}..  No fresh cil wes
sdded between 35.end 70 or beotween 70 end €0 hours, because’ the oil con~
sumption cen battor be detormined if the oil cireuletion is disturbed
es.little as possibls. ~ If the cil esnsumod by tho engine is mhde up at
. very lerge intervels, thc quentity of ¢il in circulaticn decreases’conf
sidorably (see fig. 2)._.‘(The~"lubiic?nt weight in the, fenk" includos--~
- tho weight of the ‘tenk, ca 26 Xg.). This must be taken into account
_when enelysipg the test results, beceuse the oil.ageing,increasss'as the-
quentity of =il in'eirculetion drops. . .In tho,R,C.;cil,the considerable
‘risec in seponification number end in. density is perticulerly surprising.
The . other proporties of the 0il chenge . to the normel extent. e
‘Pig. 5 shows tho eltoreticn of the.cil in endurance run No. 9.

4. Piston riﬂg.weaf T T e Lol
.. The ﬁéightﬁiéés cf'thg,pisﬁbﬁ}rimgs at 1 hturly_ihtervalé'in tast s

. No. 3637 is shown in fig. 6. The weer per hcur-of ‘the piston rings in
3 runs which extended:for 15 hours. end in vhich-"Gargoyle hero Mobiloil .
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Groen Band'" was used, is alsc given for eomparison. These shcrt endur-
mo-bee#eaﬁemsmiad.iuwhwumﬁ@rk of other tests, though
on the seme ongine and under nearly equel test conditions as €3t 36ITe
In particuler tha "Gootze F.11" piston rings used Tor eil,tosta illus-
trated in fig. 6 ceme from tho game delivery. In the tests carried out
with "Groen Band" however "spocial avietion gascline" wes usod. Tho i
piston ring waer can bae influenced by & whelo soriss of factors. A1l
the seme, tho rosults jllustreted in fig. 6 lead to tho conclusion thet
tho R.C. ¢il hes exeeptionelly gocd lubriceting properties, beceuse the.
pistcn.ring wonr in this onil-is lower thén 1n the woell-known Gregn Bend
cil. . S - )

It con be assumod that tho high saponification number and the low
pisteon ring weer erc interconnsctod. The high soponification numbers
.show thet beside orgenic acids, large quentities of sapcrifiable products
have been. fcrmed Juring the run. fmong those arc osters aud lactones,
which presumebly. have a positive offect on tho lubriceiing ability simil-
erly to the acids; metal sorps ero als? formad. ¥rom the ash contont
in the Tiltored ¢il it is possible > arew” e cortain conclusion regerding
the amount of motel s2eps, e.g. in tho f£iltoxd usod 2il nftor 90 hours
running time, 0.11% esh was found which morns thet »% tho most 40% of
the saponifieble’ components erc presont ns motel soeps, whoreoas the greater
proportion era osters rnd lactcmes. . ’ .

5. 0il consumpbion

.. Both for R.C. 031 end Stenevo 140 tho spocific eonsumpbion veried
botweon 4 .end € g,/HP/h. , which corresponded o tho npmel eonsumpsion for
" tho BMW-VI engine. On the bp.'sis of our tests it is’ impossible’ to decide
whether the consurpiion wes lower with ono oil tYan with the other, - -
beceuso the veriations ley within limits of errors in mensuroment. - When .
“Greon Band" wes used the ¢il consumption lay within the indicated limits.

6. Behaviour of the £il _’.Lil_ other cndurcnce tests

. After this test 3677 with .the Ruhrchemie 21l and Avintion Gasoline
0.N. 87, threc other runs wers errried out with tho seme oil, but with

" other fusls. A detailod report on these tests with the 3 test fuels:
R.C. elkyl bénzenc (N>.38)end 1.6 -iscpropylbenzoene (No. 391T) was .
already -publishod (DVL repoit UM 428 ,Glasep'/Dohn < umpgsting of different
alkyl benzenes in. the 1iquid-cooled rern cngine single~cylinder engine®.”
The tests wers carriasd out in the same eonlitions as No. 36II. The
running times were however shortér, which is “ue to the fuels employed.
Test No.38 was discontinued efter 57 hcurs. "~ At thet timoc nc power

drop or increased blow-by into the érenkeesc had sccurred, just as in

' Test B36LI. Also the-piston eonditicn corresponds roughly to thet of

test 361T because ' in, both ceses the time of -nset of ring sticking was

.. determined, but during the run the rings still moved.freely in vheir

~ grooves. — Consaquontly & -comperison of the pistsn ring wear in the two . -
‘tosts séems possible. The ring iwoer, especially thg top-ring, deponds

on whethor e. ring sticks. - In-this cese the hot combusiion gases cen
flow around the ring, thus considersbly secelorating its weer. Boside
test 361y the weight-loss. et hourly intervels, tf the piston rings in
tost B8TT .is £lso plotted in fig. 87 It cppears thet.here too the plsten
ring wear is very low, ~ For the first ring tho wear is rather higher
then in:the previous tcat.  This is duo perhaps to tho fact -thet 'in

“the -opersation with alkyl benzene mixture the meen temperatures in the
ccmbustion chember aro’ rathor highor then, whon 0.N, 87 evietion gasolino .
is vsed, . This is most epperent in tho case:-of the top ring which ds ..
most expose? to the i’qmbusti)n‘ gases.: | B FTR e

;- Intests 37 and 28 31;!. senples '\_';éré alss té_keﬁ ;dﬁfi_ngvdp\g;'ai;ion..
The .test results ars’ shown inifigsy 7 end '8.- ‘"Here too a Acompargtively
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stoop risc of tho»'-saponifics:tion number sppoers although not to the
semo JegreG as il Lest SOIIe — —

In both cases, however, & seponification numbor-of over ¥.0 is
roached after 40 hours. : ' :

VI, Sumery = .. P ; !

In the compnrison of the synthetic 0il of Ruhrchemic -"SO 2001, .
improved quelity” in the liquid-cooled BMW VI single cylinder test ongine
with. "Stanevo 140", a considerably longer running timo before . the piston
rings stuck wes fcund in the former than in the latter. Perticularly
surprising is also the low wear of the piston rings in the. test on the
synthetic oil, Ths "investigetion of the oil semples teken after 10y 25,
35, 50, 70, 80 end 90 hours showed genorally thd normal ageing tondoncies.
The saponificetion number, howover, incroases exceptionally rapidly. It
is possible thet tho high seponificetion number end the good lubricating
ability ers interdependent. . Later tests with the synthnetic oil and
-different fuels mrinly eonfirmed tho previous results. o,

. : ) ) . ,
. Fig.l =-'Curves for endursnce tost No, €.

' - Curves for endurance test No. 36II.
- Piston #fter €0 hours run with Ruhrchemie oil. .
Alteration of the,cil after oncurance test 36II.
= Alteration of tho oil after cndurence test 9. . -
- ‘Comperison of the weer of piston rings in the verious eadurenee .
. tests., | 8 SR e i
- Alteration of the 21l m~ftor endurnnco test 37.
. Alteration 6f the oil sftor cnfura
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