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mE INFLUENCE oF WORKING CONDITIONS
5‘Lsfff’l“ o PISTON TEMPERATURE

s The process for measuring piston emperature ona running engine'
,was developed at DVL in the first place for better supervision of the .~
operating temperatures in the fuel endurance ‘test. (investigation of the
‘tendency of "fuels to deposit formation, plston-rlng sticking). It is -
~therefore fltting to investigate how far external conditions influence
-the processes’ inside tho . -engino - especially piston’ temperature. There-:
fore the individual factors influencing piston. temperature were invoest-
~igated in those engines which were previously used at DVL for ring=
sticking tests-' ‘comparison with earlier test results\oonfirms that - =
_ring-sticking depends first and foremost on the temperature in the ring-»
groove.; : _ o , : S BRI

fObject of the Tests. S
Mothod of measuring piston temperature
VWorking conditions ‘and Test Method.
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;wfg:JVfThé“uSe*Of
Piston te . )
;pubiished;report}(l).’Sincebreliable,measurementsﬁwere'made‘even**.‘v
,'d&hinga1OngipbriodSoof"Working,"theaprospect.ariseSﬁof‘using’this;'

'method“fbr$théfpermanént'observation'of.the~conditibns;in the engine

}.duringﬁlQng&duration fuelVtestfruns‘s.the5so-¢a;19d,ripggstiCkingwua=v

: Jé7éuiﬁébié”@éééuriﬁg,tééhﬁiéﬁéifﬁr,obSéﬁViﬁg;thev
mPerature~of’a,runningﬂengine}was«discussedwin!airacently,

'workinchonditiOnsvmuqtmxggeivé%spécial,aﬁténtioﬁ;?ifythé?teﬁperaturej-
mof“thefPiStqnfiSﬂtpﬁbQ*kept'constantf"ﬁ'u"~”?fm I R EE s SN

df”]iii;‘fMETHOD’deMEASURING PISTON TEHFERATURE,

S ThefﬁéthOdgdflmeasuriﬁg;the'piSEOnftémpéréturéuhas been
deseribed in detail in g Specisl report, It will therefore only be .-
fdiscqued;prieflyjhore:, e I R Y AR

e Thé,wiféé;ofﬁé_thermo;bouplo_Which isfbﬁi1f”iﬁtd a'pisténfaﬁ§ff
insulated and lad to contacts at thealowerfedgo~of'tho”piston;jwh0ra\
thoy{rub:agalnst contact springs4in.thg;noighbourhoOdupf‘bottom,dead

canfbe_brpughtgto any’ro@uired'temperaturOiby’hqating'it electrically,
The temperature’ of this couﬁter'cbuple‘iS‘moaSurcdéinwtheiusual.mannerH
by another thermo-couplo; so;that”it-can_be read - off directly on a -
”calibratad instrument,w If the touporature at"the point of* moasuromont
in.thewpiston'is'the-samg\gg;that~ofkthe countorebouple, then there is
;Qoecurrent“flbwiﬁg*Bﬁfﬁaen thOatWE,points.l Therofore-the-temperature»
of the counter thermo couple nceds only to bo’regulated_sd-thatﬁthe,*1_
‘ galVanometergregisters & 2zero curront,. If this is dono, the temperature
-can be.readjoff-directly'on-thofgraguated”dial. -To‘make,this'cloar,-
Fig.l,shDWS‘thezwholo installation, - Bl T A A
.. The method of installing,tho‘thermo-couple infthe.piston,‘ -
tho dosign of tho .contacts and>contactjsprings5’and the mothod of.
constructing thouequipment,for:matching up the countor thermo couplo,
‘are doseribed in dotail in-the abovo  report, so that there is no need

II1I, WORKING CONDITIONS AND TEST METHOD, = -

- - Since the process: for measuring the piston tomporature is 4
primarily intendsd for use in tests on the formation of deposit in the
piston ring groovo, the influence of the working conditions was o
invostigated on those ongines which are usoed for ring-sticking tests, -
It ‘should be mentioned that in tho tosts about to be doseribed all the
working conditions. wore kopt as constant a8 possible, and only that quantity
was altered whose'influbnce_ohvpisﬁoh'temperature, was to-be determined, -

- Of course, s change in one quantity often brings .about .a rise or fall

e - This was corrected 8s far as possible in individual cases, so
‘thatjwhere'possible'onlonne faptorfWasjinvestigated‘atlaAtime. For
oxample, in the ‘investigations on the "influence -of ignition timing,
the cylinder‘wall;temperatureuwas-kbpt'cohstant by cooling to. the

required oxtent,.  Agair, a change in engine “speed produccs a

.



0stig tieﬁé"can'bOJSOen[in‘thofgbephs,'so~thatﬁit 1 -
80 into" the conditionswinedetail. ,Tho”folloWingwiquﬂ;__
11 the testss- - - e L e T

”’ia;:f'VTi#oéf;'0;121Vo1i%fiéeréeothyijlégd; i

' Lubricant: i Rotring D-roforanco o1l
{1;ﬂ,BMW'132-011:Tost.3ng1ne;i I R

/

L b ho tosts on thoﬂBMW“132.oilthSt“dngineihad the most important
'begringaonfa&lflater;engine tests, It is a'single‘Cylinder_engine_ o
censtructed_ﬁremﬁa'unitvof e BMW lBZ;Qero-engine;”which is used for
o tosting tho ringésticking_tendency’Of.aere;engine~1ubricants;*The,data
. of this-engineﬁare”givon in Table ‘1,  As the experiments:are;primarily
', intended to improve.theftechnique.of;teSting?engine lubricants, the- L
o initial cenditions'arofselected according to the working}condition8v¢' e
'inthe-ring-sticking‘tostvrunsz(2)._*Thesetare-QISO'set out in Table 1,

-tosts and wag held as constant as possible, Tho test_point,temperatUrev
Solected was that'of‘a‘sparking*plug ring, which was on tho sheltorod ;
sido of the ‘injoction nozzle boro, and was installed;as‘avpaeking ring . -
for}a‘DVL]combustien chamber thermoecouple,(3)5v1This poSition,was :
chosen because'initial»tests'had shown that the thermal load on the e
cylindor could best bevobsorved_from_there."Tho’initial'temperaturo at
bhis‘measuring‘point.was'kept considerably lower than in the ring-
aticking.runS'(220°Q_instoad7of-265°C),fso &8s not to prejudice the
result by indusing premature ring—stickingafﬂ(The tomperature measured
above»is'horeaftor known as the cylinder control temperature). i o

i

L .. The . : .

10. How fap tho piston tomperature‘WasAinfluenced by these or othen
. factors»will'bevd;scussed in cach individual caso, As.alreadywstated, '
the effect of engine. spead Was'invesﬁigated_with?referenéevto two - '

- Sineco the piston temperature~would vary by‘e‘l@490yat;oonstaﬁt power. . . ?
- "(so0e dependonco of piston»temporabure-on‘poﬁer in Figs, Eiand*SS),,a o

- ‘correctod curve was plotted-in‘Figs,SVand-7~which takes into account -

~ the chango in bower.  The. fuel consumption (cf Fig.6) nlso results

"in a slight fluctuation in bower,. which iS,vhewever, too small to altor
tho. piston tompoerature curve to any oxtent, S T

o The ‘Influence of tho oil temperature could only bo determined ,
ovor comparatively small range, To" undertako 1nvestigatiens at lowor.
r,p%gher temporaturcs it would have ‘boen necessary. to have additional
;@?%é ling installations on -the tost bed, ‘which was impossible because
~time and matorial were lacking, Nevertheless; tho piston tomperature"‘r
-can be clearly observed, so that we niay assume that outside the region



Twhich was 1nvest1gated the prolongation of the curve was 1inear.~];”

," The 1nfluence of oil pressure and volume of oil circulation has
flbeen investigated in‘conndction with other tests; for this reason the
~engine speed and tho eylinder control’ temperature ‘are higher- than in
the other. tests._ PFig.9 shows that at the very low oil-pressure of
1.2 atll the power falls sharply; -an attempt to. keep it constant by
" oponing the ‘throttle was unsuccessful,. It_is thorefore unnooessary

“to correcﬁ the plston tomperaturo. : . o S '

S Thé 0il clrculatlon rate was varied by altorlng the oil pressure.
: Fig.lo is, thorefore, on tho -sameé footing as Fig,9 as regards T
jexperimontal technique. It is-‘only intended to show the relation -ff“~f—
'»botween the effects of 01l circulationgrate_and 011 prossure.f e

‘

25‘ N S U. engine.- —ﬁ~mﬁ

b

For researcb in tho small four-stroke englno field the englne
used was the air- cooled 500 c.c. motor-cyclo engine of "éreinigto,
Fahrzeugworke A.-G.", Neckarsulm Typo  NSU 501/08.‘ ‘The engine data, :
~and tho working conditions under which tho measurements to bo o
discussed later,” wero mado /are sot out in’ Tablo 2.

e Although tho ongine genorates its maximum power at 5500 r.p m.,
. 'all the investigations woro made at 2000 r.p.m,, since this was the

- ongine spoed uscd in the ring-sticking tosts (1t has been proved (4)
“that at high cngino speed the piston ring grooves wero gummod too

' rapldly, so that the side play of the piston rings, which has a groat.
~influcnce on ring-sticking,valterod during the test and so could ‘not
"~ bo controllod. At low ongino spoeds this troublo was absont).

- The cylinder hcad is detachable in this engine, ‘with the result
‘.that the heat flow botween cylinder sand head altors from run to ruh,
Thorefore the ¢ylindor control tomperaturc was moasured on tho tappot
side (perpond:cular to tho diroction of flow of the cooling air) -
betwoon the first (upper) and socond.cooling fins, Earlior tosts,

. in which 4 thormo-couples were distributod ovenly over the circumforonco
—of tho cylindor, in the direcction of flow of the cooling air and .
poerpendicular to it, showod that tho point solected for measuroment on
- the tappot sido is tho one most influenced by tho working conditions,

. and thus offers tho best opportunity for controlling the thermal. ~
_condition of the cylinder. The measurement at this stage was made by
three thermo-couples, in close proximity to each other, whoseo average
value was kept constant throughout the tosts.

v Figs. 11-21 show the course of tho ind1v1dua1 tests. Tho
procedure adopted'was as far as possible the same as that for the. ..
BMW 132 o0il test engino. In the investigations on the influcnce of
the engine speod (Figs. 12 and 13), the variation of the piston
temperature was at first very dlfficult to.undorstand, The sane tests
wore repeated at an .ignition advance of 329 in order to establish if
the above was conncetod with the comparativoly high ignition advance
~ (ef figs. 14 and 15). The signlficance of the ignition advance will
be  diseussed in detail later on, in the dlscuss1on on tho tcst S

rosults (Sectlon IV, 2) v :

o The tosts w1th altorod ignition (Fig.16) wore made at o some-
what higher cylinder wall temperature.  Just as in the other tests it
was kopt constant so that this fault had an insignificant effect on
the recsult, In this dnvestigation tho power fluctuated by 0.2 b. h.pe}
but. according to Fig.ll this alters the piston temperatures only vory

- 8lightly. Therofore it is unnecessary to corroct the piston
tomperature curvo. :

Tho same 1s true of tho influenco of tho cylindor wall

..3 -



~temporature. Here too it is unnocoessary to alter tho ourve which was - -
obtained.  In order that this result can be compared with that in- other
engines, the variation .of the plug-ring:temperatureuid.Showngin;Figg18¢fp
-As inxthis-testdbq@1thefheat‘leW'frdm‘the"¢y11nder“head'torthefcylinder*
itself is very unsatisfactory, temperatures at this measuring point are:
very high, ... T e e TR T R
- The influence of the oil temperature was examined by heating the
oil as it entered the engine (Fig.19). - SRR SHTIE RN B e 2 A
= '.-;.The volume of-the 0i} circulation (cf Fig.20) was altered by - .
~adjusting tho oil pressure regulator, The 0oil pressure only fluectuated:
veerSIigﬁﬁ;ﬁ'in1theuprocess,.sovthat this value, which was already very
Tow (0,15 atll) hardly,altered~duringlthesevinves%igationS. SR S

.- .The influence "of lateral ring=play was also investigated on this
engine; the first ring-had-to fit into-its:groove with a difforent - v
amount of play in esch test, and so this test was made in connection . ———
with various riﬁg-Stick;ng,runswl"Thq-ring-sticking time was .determined
8t the same piston temperature in each casoe, To this end, a different —
cylinder wall tomperature had to.be set for each degree of play (ef
Fig.21).  The result, that is, the fact that-the—heat flow botween the

- cylinder and the piston is affected by tho lateral play has already -
been noted and;oxpla;nod-olsewhere‘(5); it w};l be discussod more fully

© in Section IV:“8,1 T S R Y : R :

-+ It is also interesting to observe that thoe:powsr rises lincarly

. with the ring-play. This fact is possibly-connectod with the piston.

" ring friction and the resulting heat loss; * but for the present a o
datisfactory oxplanation of this is impossible. It is obvious that ‘the
lincar curve is only possible within the limits Shownj;: 1if the ring~ -
play is' large thoe line must develop into a curve, or there must be a
sudden sharp fall, for above a certain degree of play the oil~film will

- no-longer fill the space betwoen the ring and the grooves it will no
longer act as a packing, so that gas blowby will be permitted in large
volume, and the power will fall in consequence. Whether we have here

'a method of testing the film adhesion of various oils in the engine
remains to bs seen, » ‘ . v . . o o

To determine the influence of lateral ring-play on piston :
tomperature at constant cylindor wall temperature and constant power,
. the values for the piston temperature require correotion: the figures
below show the individual steps required for this purpose, o

Initial values o - : _ i ' ,
7. ‘Power ' ‘b.hopo R : B.54 . 8486 9,11 . Se4l
- Cylinder wall - L e -

. ‘temperature % . . - 283 268 271 . 275
- Piston - , ‘ ‘ ' SR o
- temperature - L CRT3B—— 274 273,5 = 274
- Piston temperature at . ; L : : ‘ : '
constant power = ©¢ e 275 - 273.,5° 272.5  272.5 .
» Cykindor wall R ' : o o o
‘temperature -~ Oc ' 273 285 -282,5. -.280,5
Powor and cylinder . ) : _ L T
_ wall temporature 9C : 275 - 284.,5 281.5  279.5 .

This rosult is -presented graphically in Pig, 45, and will be
- discusscd in detail later ome. ./ ' ‘

- 3. -The DKW.ongine.l%5=,‘f' '.'«_‘ : . ﬁf':._ \

..;fSihce‘ring-s;icking'tosts\hé§d already been made on a

v



two-stroke engine, both at[DVL?(G)}andxelsewhere;(7);Jthe‘indiv1dual;ﬁ:
factors wero investigated on a DKW engine EW 301,  This is & liquid-
.codled:SinglegcYIindarFunit,of}SOO{d;qifcapabity,;With[mixtureﬁwﬁL
;1ubriéatiqngandﬁcrank;céqeycharging{(reyepﬁ@fscavehging);*1Itiwasja_d‘,j
'con;tructadkbyfAutbeUhiOnfaSg Stationary'enginéwigThefworkiﬁg data are
‘seenJinﬁTablemS,;-ThG;CoOlaﬁt,uSed_was¢trieethylené&glyCOl;Qwhidh;hasgay‘
boiling point  .of 24000.;"the“objectfdf’thistasjto'makeuthejtherma1m;-,
,load,onrphe‘engineiin'theﬂring:ﬂticking_tests_as high as possible, 'In "
_splte.oﬁ,this.the,éqoling;tempéﬁature?was”in‘mpst”casebqkept'fairly'7. e
low, so,as'to avoid“ringegtiCking,.whiCh'OCcurSQeasilyvon”twoestrokeﬁ,j;g
englnes,. .. o T TR P S - O R R

f;:g;;;;Tﬁgvﬁﬁéviéuéffeéﬁsfwefé?made‘aﬁféohétahﬁféddiéﬁf duE1ét,fwT

fﬁ@mperaturexaSofthatfthis-value.could‘SGrVe as a standard. The plug-.
,mring{temperaturelwaafmeasuredjinkevery”case;.butTwasinotjusédvt0~keep :

the thermal load on the engine constant, -since ‘according to investigete

ions made s0 farﬂthé’connectionubetwcqn;the cooland temperature and the
- plug ring temperature,is*Stillfcompletely obscure, . Tho tests now about

- To follow will show that180~far%the*dorrect'temperatUré'at.which‘to
-eonduct thq‘tqstsghasanp‘been“found;'} P A T

. . _“The'fuel’conSUmption could not.bo controlled, sharp fluctuations
‘had thereforo to.be allowed for. It appears. from Fige.27 there is no
~greoat effoct on the piston temperaturo, so that it was not necossary N
SO correct thé curves accordingly.” The relationship with power, shown

in Fig. 22, shows that if tho coolant tomperature was constant the . ™
plug. ring- tomperature rose as the power, It“folloWs‘that‘the‘thermal“, )
_condition of the engine cannot be controlled by watching the temperaturoc
of the coolant, Nevertholess, the coolant outlot tomporature was kept -
s thoninitialxvalue, as the intentionwas to determino the dependence
of piston temperature on the conditions maintained up to the presont in

the ring—sticking tests, - . - , oty

~ . The same fact was observed in the investigation of the influence
~of engine specd (cf Fig.23), The course of tho piston temperature was
- not very clear at first, and appeared to be masked by the sparking plug- -

ring tomperature, so this influence was investigated again., From the

knowledge acquired from the previous tests about the temperature - =~ . .

distribution over the engine, two thermo-couples were fitted,” one on
the exhaust side and one onthe ignition side of the cylinder at the -
~lovol of the upper point of reversal of the first piston ring, in such
a way that the point for measuring was about 1.6 mm behind the c¢ylinder
wall, The corroctions of "thé relationship as already detormined is ,
clear from Fig. 24: the piston tomporature remains unchanged while the .
cylinder wall temperature is constant, while the coolant-outlet oo
- tomperature which is necessary'to’maintain’a;constant'cylinder.wall,

- temperature actually rises as thQJengine’spoed,“onlyjto.fall.again;v*'
This means.that at constant cooldnt temperature the piston temporaturc
will first fall and then rise.again as the engine speed increases -
further. This has already been establishod by Fige23. .If the throttlo
is reset at constant power, this tendency 'is still apparont, evoen -
though the cylinder wall temperature remains the same, -

: These tests also show that the plug-ring temperature varies in

.o manner similar to the coolant temperature rather than the piston
somperature, Therefore, to control the temperature distribution of
vhe DKW engine it is essential to.measure the temperature at tho
¢ylindor wall, .~ Sl L T

' Tho reolationship with ignition advance, illustrated in Fig,26, -
likewise shows that the plug-ring temperature/is,influoncedimore'than
tho piston‘tompcraturo.._Thiﬁ‘iévunderstandable if one takes -into .
account the fact that the ylinder'head_is,sgpqrated.from the cylinder
Ly.a heat-insulating gasket, and that the head encloses the greater -
part of the combustion chamber.. 1t is also remarkable-that in the =

»
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tho;strokefengine~poWérﬁisinbthingﬁlikeisofstrongly;1nrluehc9dfby\théﬁpﬁﬂx
;1gnitibnTSQtt1ngfasqinlthe“fpurestroke;engineyﬁﬂSinceitwoistrokepehgines,&
Of;tnéftypé,HSédﬁin-thiS?céseﬁareﬁvgryvprone%to;fluctuationsgin_power]ﬁ?@k
;Whén>theyconSumptionRis}altérédgfthe}throttle2hadit0fberchanged7tp;ai;*;&?
jconsiderable;extent”when;iﬁvestigatinggthéfinﬁluence%of fuel. consumption,
Af congtant power was-to be maintained'(cvaig;Z?);'ﬂ;;,fﬁj'[;eq;ﬂ ST
va';~%}MIpiorder‘tojinyestigateLtho‘importance of the temperature of the
ﬂparts’surroundinghthotcombustibnwchamber,,a variety~ofavariables;qgs. B
'3p10tte@1“fFig;28;Shows,theﬁeffectrofﬁtheacoolantjoutletvtempﬂrature_>~* B
~-with a‘oipchlatOryfgooling?System,gFig;2Qéthat;with%thermoLSyphon~hu‘ -
__cooling ;%th;1atteriwa8vtakenjfromiFig;SQ;ﬁwhichﬁshoWSTthe;effect!of-““
,jcylindeflwall-temperature:OnVthggtemperaﬁune;oﬂithéépiston;*ﬁToithrbw’*;~
moroﬁlightmOn;thoﬁsigﬁificanbo;of;the?plug-ring;temporature'uFig.Slu_fg ’
,Shpws?tha:corrdSpbnding*reiationshipfWith ajcirculatory!cooiing systom, -
vFinally;,meaSUromentsiWOroFmadefat*variousiintake air tomperatures. . -
{ef Fig.32), It is-quite ‘clear from these that as: the"temperature of
tho air'rises; the cylinder charge and thuS'also»the,power,“fallaw~¥;-
~ Whether the fallvin;plug-ring'températurefié'connected’withpthig, is’
‘Aanotherfquéstion,“At;any~ratb, thls illustration makes it clear that.
measuring at the plug-ring_givesvnd'cluefto‘the.piston-temperature, SR

R L
NN

-

St - So fap we have discussed the course and nature-of the tests on
“individual engines;  we shall now. discuss in-general terms the behaviour ;
of the piston temperature under the various working conditions. An .
attempt will be made to correlate the Tesults achieved in the. thres -
engines, or where this- is not,popsible, then: to explain the differences.,
For purposes of comparison, the individual curves are reproduced to the

- .same scale in Figs, 33 to 45. As the engines in'gertain cases work in
,quito_diffarent’regidns”(e.g.VconsUmption‘in the two-stroke engine,
power), a seale was chosen for the abscissa which mado comparison
possible. p i PR TRE ARSI DO A
1. Powor. - . , AR
T g L e S W
) Pig. 33 shows that. tho BMW 132 and the DKW show the same _
rolationship between piston’temperature'and,power;. The slight bend in
the curve of tho BMW 132- cannot, however, be fully explained; - perhaps
it is:due to the fact that the position at which the cylinder control -

temperature was measured in this engine did not make it possibla to
control @he'cylindervwall_tomporatupe‘with complete reliability.,

IR

. ''Becauso tho NSU-was rém at an ongino spoed which is far bolow
‘its optimum power, tho temporature risc is not so stoep as with the
two othor engines. BRI U e e e
| r"”7ZTd.sumlup; it can be stated that the piéton-teﬁpérature.riSésv 
in linoar relationship with the power, by 3/4% per 1/100 full powoer.

g ,/‘

Figs. 34 and 35 show the influonce. of engine. speed on individual
onginos.. Unfortunately theore is no similar relationship for all three
engines, - Engine speod is undoubtedly that factor, alterations in which.

~Influence most the conbustion process and thoreby the temperature =
distribution of the parts surrounding: the combustion chamber. Since

- the value timing, the valve overlap, and the volumetric.efficioney
are in diroct relationship to the engine speed, optimum power is only
reached in each cngine at a certain definite ongine speed.  Engine.
spoeds above or below this must. cause an inereasec-in the ongine -
tomperatures, . This was most in evidence in the BMW 132, At constant
throttlo the power rises as the engine speced in accordance with the

6.



torguegcurvggkbf,Fig,S);ﬂfaSuwas:establiShed}in;tho,foregbingﬁsdgtion,i
thcgpistongtgmpgraturqwrisps;QS,thquQWcr;ﬁ;ButgthisﬁiSyqnlyatrUQ;ﬁhc;;;
within:ccmparaﬁivelyunarrowilimits;f;beyondﬁthis?regiOn;fthe?valvae;&iTﬁ,_
-timing_andeVCplap%contributerto*&xfurthcrﬁincreésgfih”pistoh*tomperaturg1
indépendentworaengine:spGOdsiJFig.;34~8hows‘thatfin:the~BMW,152*thei;ﬁ;:,
piston temporature actually reaches ‘a minimum at. about 1900 r.p.m, At
higher engine Spceds. tho rise in power bocomes apparent,. while the rise
1n_tempqraturo;at,lowggngine speods might be attributable to tho un-
favourable valve timing, - I U DS SR M e

Mo fact that the piston femﬁéfdtufé“ale‘fiéésnﬁéhfﬁéfeﬁgine5'h‘

;5555d?in;thq;BMW,'althqughfthe-powertremainschnStant:(cquigaass),‘,3
:idannot'bolexplained:atfthis'stage, putiporggg§;thofvolumetric;foiciency,
‘rises with the engine spood in a groater dogrea than can be compensated @

for by closing the throttle. . Tha;fact‘thét,at*22007r:p;m;_theTenginc{;*_’

speed:atTWhiqh”méximumqpowor.13*réﬁéh®d-(q§;§ig.;3),che'piSton; :
-temperature appears to.reach a maximum, confirms this assumption, '
.= The ring-sticking tosts in the NSU engine woere made at an - T
-ignition-advanco of 38°; and therefcre'the.piston‘temperature‘was also.
first-investigated at this ignition timing, At-constant throttle the
. rather surprising result was obtainocd that although the power rose as
tho engine speed the piston temperature fell. Considering that this '

engine.waa.constructed“fon‘an}optimum’onginatspeqd,of'about.5600 TePello,
- the ignition advance Of338° before top dead centre at 2000 r.p.m. must -
be considered to be far too high; - but, as Fig. 36 ‘shows, a high = ' - .
~ignition advance means 'a high~pistohrtemporature.‘,As_the_engihe‘speedﬁh;
~‘rises the unfayourableieffect‘of,tho.ignition.advance.of;58° bocomes - =
- less and less, that is to say that the effoct is the same as if the
ignition were gradually retarded at constant engine speod, But-a -

3 reduCtionfin.ignitionladvance,results'in a fall in piston tomperature,

‘ . To confirm this ass ption, the piston temporature was. investigated
‘again as a function of engine spced at an ignition advance of 32° hefére
top dead centro,:. At this figure the engine has its optimum power at ;
.~2000 r,pum.(cf Fig,16), As this ignitlon timing was no longer too high -
N for.the-range‘of.engine‘spoed'which'Was investigated, the gain in power
,(at-constant,throttle);must causo ‘'a rise in piston temperature. As :

Fige 34 shows, ‘this is actually the ease. - T e ‘

AR At constant power (Fig. 35) there was a_fall in pilston-temperature,
eorresponding to the,thrpttle'setting,%with“rising-engine'speed, at both -
320 and 38C ignition advance. The fall is steeper at 38° than at 320,

which can be explained in terms of the foregoing, .-. . T

. .-“,gvThefvolumatric:efficiency,lthe'scavenging,_the Eimes. of "inflow -
and outflow and other factors are influenced Just—os much by the engine

- Speed in the two-stroke ongine as in the four-stroke engine, . It is -

) interesting,that‘tho‘piSton;temperatureidoes‘not‘change-at*On‘ine  L
speeds bétween“zsoo"andﬂsooq_r.p.m.jand~atlconstantfthrottle'_cf»Fig,34)J
If the power is kopt constant, tho piston temperature firet falls as
tho'engine‘speedvincreases, and’ then rises again from 2800 r.p.m, ‘
onwards'(cf‘Fig.WSS);' Th%s?also,proves that where greatest volumetric
officlency and scavenging effect coincide with meximun power, the '

-, lowest piston temperatures result. v - - R

. . ) . \

y

S Ignition; R NS [ T | L_, &7f<

- 1t has alroady beon established in*an earlier’ woik (8) that tho -
combustion.chambér‘temperatures'rise;linearly with the-lgnition advance, -
It is therefore quite understandable that this should also be found -

-When the "piston temperature variation was investigated (cf Fig. 36),
The fact that tho curve for the NSU ongine is 'slightly humped and at a -
- low 1gnition'adVan¢e’reéemblgs\thevcurve»fqr the DKW, while -at high

\
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iignitiqngadvanceﬁit;runs»pérallel,with;the{durvefof,thejBMw,132,‘1eadsu_
to the conclusion that the curve at low engine temperatires is less .~
;syeep~thgn¢whenithe;engineﬁiSynot'Cthis;phenomenOn!maywbeyqodnected;wiph:j
5thefhighér,temperaturés:onftha;cyli‘der.headgof;thalNSU;_whichlmas~*,_;p

ﬂmentioned[at*the'énd;ofySection;S)g?t;a , TS o

Lo . Flg. 37 shows the piston ‘temperature as a function of fuel . .
aqonSumptionvfor,the;threa,engines;1nvest;gg§9d.,;Inﬁorderfto bring the
QWQ-stroke:engine;with,mixtqre;lubrication_intd;thewcpmparison,,thqmégﬂ
consumption;was»entered;aS;a]peréentage;,lOO%,beingchat%consumption L
atrwhich¢thelqptimum;pqwer;was,achieved,,;The result ‘confirms what was.
generally expected: the piSton,temperatura_behggg§.in'the‘sama‘Way.as‘

_tho previously investigated ‘combustion chamber temperature (8). As——
,consumptiqn;falls"thoepistonntemperature first rises, and then falls.
again from a cortain limiting value onwards, -« "/ . . oo

e

Be__ Gbéliné-ﬂdf éyliﬁdéf?wali.Eeﬁpdréfﬁras; |

...~ To supervise the thormal behaviour of the engines,’ the plug-ring -
‘bomperatures, and, in liquid-cooled engines, the coolant temporatures,
were measured and kept constant. Fig. 38 shows, however, that only
with the BMW 132 and. the DKW with circulatory cooling-is there a linear
‘relationship botween piston-and plug-ring temperature, This is . =
connectod with the fact that in the NSU and: DKW the cylinder~head is
- detachable, and so there is no continual heat flow between the cylinder
head and cylinder wall., Also the coolant outlet temperature as a =~

’ function;of~piston~temperaturevisfnot linoar in the DKW, whether with
“ecirculatory or thermo-syphon cooling,  Fig, 39 shows that the . two
‘mothods of cooling take effect in very differcnt ways:  whereas with ,
eirculatory eooling the piston temperature rises by. about 0,49C .per. OC
of cOoling.temperature;iwithithermo-syphonacooling_there,is'no ST TR
observable influence in tho normal region of working; here a Ilarge -
rise in piston temperatufe,only»occurs,at.very;highfcoolant outlet

‘temperatures,

~7.In engines with a.detachable cylinder head it is therefore ‘
‘impossible to observe- the piston temperature by measuring the temperature:
at the sparking plug ring or the temperature of the coolant, Therefore,
with these two engines (NSU and DEKW) the cylinder wall tomperatureo -was——
observed in the neighbourhood of the upper reversing poing of-the first
piston'ring. Fig. 40 shows that it is possible to control the piston -
Temporaturo very well from this moasuring point. S TR

- Tho somowhat stoopor climb of the curvo with the NSU at high -
cylinder temperatures is due to the construction of the engine: ‘sinco
- tho ecylinder head becomes considerably hotteor than the cylinder itself
" (ef ‘Figes 38), the higher temporature of this part of the combustion
chamber also affects the top .of the piston, so that 1ts temperature
must rise faster-than the cylinder wall temperature. . .

PSR 5o

Go - 0il temperature. e : , _ ‘
© . Figs 41 shows the influenecs of oil temperature. In tho/BMW~152_
. the piston temperature risos Qz;abdut;O,Svaer“O*ofﬂoil-temperature, -
~In the1NSU“engine,“the;spggg;gg,oil;circulation is'too‘slow(f\wfzo‘l/h),
" s0 that-ono cannot assume that the piston is cooled by the 0il., The -
3light bond in the curve is duc to the alteration in power (cf Fig., 19),

:  ->8'-‘



7+ Volume-of o0il in circulation and il pressure.

. As Fig. 42 shows, the oil circulation.in the B 152 can be -
p{reducéaitggaboutthalf;the;nprmalffigu?e-withoutﬁany-effédtﬁonfthé]V'g
:“piston}tempefature.?vThe,pistongtempergthre;bhlymfaIIS]WhenjthegCQlume;v
j,is;abqut’40%i0£‘normal;a;Thisyis@bacauseﬂohlyﬁalcertain:volume,of?oil“*:y
- ¢an-pass between the piston;and:cylinderﬂin_conSequenCGQOf,the]effectf“g;
of'the“oil;sprapérfring,yso{that"angincrease.in”the vplumegin‘;a";«_w_{
'feirculation~has;no;effact;j(Ofacourseﬁit is possible to cool the piston
ﬂfurther;Pif;¢are.iSctakenjthatimpro}oil~is,thn0wn‘bnto'tpejpiSton o
,Butgif”thepvolumeiiﬁ;qirculation;ﬁalls,belOw,a,certaingvalueﬁ(éo%),i1ﬂ,~
_thplvolumeawhich»paSSos;botween.the.piStoduand;tHOpcylinderQis11933%“‘J

ithan*normal;QSO_thatstheiheaﬁ;lbss,ﬁandzatﬁevon lower values . . . :

~Elubricationialsb,“ardfimpﬁired.,-Consoquently,t’qlpistonftemperéture
Srdsemyer Ty [T T T T O, TR

N

L rTrThé;ighgéfihﬁééiigafédfwith;thé;Nsﬁfwas}nbé*§¢JWiaégf,buéfitf
.5¢an;be;aSSumed.that:thejsgmefthiﬁg?hﬁppensLherag,}’ T U D

'*>f¥i_;f51n¢o'iibf;giumé"657bilfbiiehlétion?is1a]funct165“bfkbif'pressure;u

.and viee-versa, an-alteration in 0il pressure hass the same rosults (x), -

'The normal oil pressure is very low to begin with in the NSU engine
(015 atll), so that its alteration ‘at different volumes was too small: *
and could not be accurately measureds .o R T T

8. Intake air tomperature, .

e :The;invéStigatiohs‘mad5T6n3a5DKernginé as ﬁo,the inf1ﬁgnc¢vofv'f'%
“the intake air show that thore is a linear ‘rise in'pistoﬁ”fémperature of
r;0.0VQC'per*°CHO£ intako‘air,(cf,Fig.'44). SR R R S

9. Ring Side~Play.

.. Tho investigation' of the ring side-playabrought,an,interOSting‘;
~fact to light, Fig, -45-shows that this'-has a great ianuence.onfthe_’_\
' heat transfer: at very low cloarances,therefis:almostjmetqllic_cohtact ‘
ggg;ﬂgggWghowningmagggghggpiston3groove;; tho heat transfer must thorc-

fore be gt6d, If the play increases, tho oll botween tho ring and tho
—-groove acts as an insulator, sovthatftﬁpahoat4is;lossquficiontly'.i :
conducted ; therefore if the cylinder’ allutemporature.islkept.constant-
‘the temperature of the .piston rises. If the play is still grester, tho .
wfreefspaee—bccbmbs—strjﬁ?géffhatfﬁhe 0il no longer adheres to the
surfaces, but beginsvtofflow;throughjbetween‘the%ringwand.the”groove.
‘The 011, in flowing past, can transfor some of .tho heat from the piston,
- 80 that as“the,lateral-ring;plgy'increases_tho piston temperature falls
. once more, ST PETRI D AT S s : _

~ V. CONCLUSIONS

1

.. _The investigations describud here show that although exterhal -
working conditions aro unchanged tho piston tempsrature ‘can vary
groatly; - above all, it Wasvostablished_that”it—ﬁﬁﬁfﬁﬁly“be'controlled

~ by watching the eylinder throughout one and the same run, if the .

- measurement is taken at a point from which it can be assumed that there.

~is a continual loss of heat to the cylinder walls. Howevor, .in the'

“‘course of time the conditions inside the engine may change considerably,
especially after interruptions, so that it is impossible to forman =
opinion about thoe piston temporature which occurs, merely by measuring

%) goo'Fig, 43,



cortatn

cylinder tomperabures, This is “also the resson why tho piston

.tomporature as ' a whole is;highonfinesome&testscthanginiothers;talthoughf&
che;external:conditiOns}aré COnstantj(cf*thefpiSton’temperature“asfa’7‘ *

function of power and as*a-functionaOfféonSUmptiod;in theisMWflsz);,Tﬁé}f;
_question:,which'faetors;play«a-part hero,jhas,been fully«discussed;elsc-{
~Whore. (5), so that it ig unneccﬁsary“to.go_into-the;subject;aggin;here:;;g

f"jAfter-éarlior-investigations;intOAthelinfluence&of,wquingg.:;

}leéﬁditianS'on@the'procoss of piston ring-sticking (9), the suggestion. =
L was put;fbrwardfthat,tho;running{time:upfto-ringssticﬁi

ng whon the same -

ffTuel*waSausedrin'overy.casoHWas merely:g}funCtionferthe-temperature,1n 
“ the piStongrings;_fFor;simplicityuthefresultngfgtheseyqarlierrtestss,, '
fare_reproduceduinAEigrf46.~,The*tcsts describedfinithe»presentfropont

on the pistpn*bémperaturefconfirmﬁthi§*5§Sumption:‘;all.those;influonces
which in thgsq,testSfreSultod’in“a”shortening,ofwringsstickingitimes; L
cause aﬁcorrosppndingﬁincrease‘in.piston‘temperature%HnThe effect. of
latggg;;fiﬁg-piay,op-ring-sticking#depeﬁds“on two factorss 1, On the . =
space which must be filled by deposits; 2, On the effect of heat | EURER
transfer from the piston to the ring, As was only recently established

(8), at constant piston;tomperature;thegrunnlngtimevpp-to-ring-stickin§~
s _ . : , _ . & Lo . am

‘but only ‘a constant cylinder wall - temperature maintained, then the -

-Steepnéss’ of the curve "Ring-sticking time as a function of lateral .
“ ring=-play" is influenced only by the nature of the heat transfer - . -
“-between the piston~andnthe;ring;,apcording as the piston temperature
~Wwould rise or fall with increasing play as in Fig, 45, -Tho samo 1s
true of the oil pressure: in tho carlier tosts tho o0il prossure had -
.8 great. offect on. tho ring-sticking]time, while the later tests indicate

”,a‘differont‘inﬂluence on piSton_tomperature;w'The{oxplanatiOn.offthisz -

difference is to be sought in the fact that the piston is offcompletely:

- différent. design:. in the earlier slipper piston (BMW VI) the oil:

of the one used- in the present engine.;‘Sincegat.that'time*considerably .
1ess-heat-passed&rrom-the.pistonvskirtﬂto the cylinder wall, the piston -
had to be cooled in an increasing degree by the o0il, so that the o
1nfluence»of'the oil pressure-'was also greator,. . .

+" The incréase"inlthe ring-Sticking timothich-is'épparent in éome :

of the .curves. in Fige 46 whon the load. is further increased 1is not due .
~toa corresponding rovorsal- of piston temperature;<but~to‘the bqhgviour

.. of the lubricant as regards tho‘formation1of,deposit. L

B f’]<:Unfortunately, for reasons which are discussed in anothoer report
(1), 1t has so far broved impossible to measure: the temperature- =
actually in the piston ring groove, . This ls a task which is indicatod
for tho future, if lubricants are to be properly.tested_and“evaluated

in the engine = no matter what model, The dependonce on piston iy
temperature which was. discuss¢d hore may be a considerablas advance. .

in the-direction~of.solving this problom. B s

N

. With tho-aid of tho measuring procoss adopted by bho VL,
investigations were made of the dependence of piston tomperature on’
individual working conditions in throe engines, a BMW 132 single- '’

‘eylinder, a ‘500 ¢,c. NSU engine and atwo-stroke engine at 300 c.c,
capacity. On page 11 is a survey of the various test results, It

appears that tho individual”influences coincido in part, and;that;thelgé
piston-tomperaturejcan'only be ‘cortrolled in certain cases by watching
the extepnal/copditipns-very closely.'-Finally’the results are S

- ;o_;'
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1ccnnectedjup[with,facts;Whiéh,Wereﬁestablishedwearlier,abqut*the, ;IggW
TdependancegoffringéstickiﬁgfﬁimeS’Qnﬂthﬁeindividualgworkingfc¢nditionsL
'Thisﬁconfirmed;WhatmwaS;already,believed“viZ;rthat.if'thefsame;fuel*]ﬂ;
1s used the running time 'up to ring-sticking depends only on the ' .
[temperature‘in_theﬁpiston;rings;;.,,{K*Q; ,,f»,5 T e B

L
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- Survey of the offect of individusl working

conditions on piston temperaturex;

Power: ,‘Linear‘fun¢tion;-fise‘of §/4ocipor;1/lébibf‘full éowé:;:

 Engine speeds Different in individuel enginos, A3 tho best values for. =

- valve-timing, ignition advance and, in consequence, power
- and.volumetric,efficiency‘aro redched by ‘altering the
enginq'ppeed, the piston temperature approaches a minimum,

Imnition:  ‘Linear increase as théﬂignifipn advance; at ‘Low thormal |

load (DEW) about 0,89¢ pop © of ignition advance at high = -
\,"1oad\fBng-about5l.75°C"per o of ignition advance, The NSU
- is intermediate,'varying with the thermal load, = =

~11 .
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“f57¢Th0wcurquqbbrpbponﬁSﬁtojthe_wependencéfofgcombustionfa
“‘chambéPTt@mpcratu?eﬂOnGGDnSumption;4)as_consumptionf~»~
R ,ﬁfallsﬁthojpistonxtempepaturoerises;,fallingiagain-after

{Fu61; j_: S :
!Consumpﬁionfl

Lo
A /

- Coolant™ ﬁ7boésynot?aixow'§fﬁaéfiﬁit§:cbnciuéibnS‘abcuéffhe;pi5£dn

‘temporaturbLa.y;tempdraturo;&*Laﬁgoﬁchangds in coolant temperature,onlyi

~©, Cchango tho piston tomperature by a few Og, | ,
o e f’}’“7_'Tfffij_xvffvfﬁﬂ*sj,jﬂ“ N SO
Plugerin ;;-"}Lincar'relationShip;)anlqngvas,the{hqat flowgbetwaog;;;‘
 temperature;*%f;fﬁ&*cylinderahead and?thevcylinder,iSinot‘desppqygﬂ}”'

. 2Poub 0,9% por O of plug-ring tomporsturo,

‘e 11ndér7w51i;?;LihéarffeiéﬁéénﬁéiplL:Th&;bbéxuéiégé;fbi;measuéiﬁg;thé;;ia
- tomporature i piston temperature _About 0,5°C pop 9C.of cylinder wall
... temperature. - N A DUy o

031 tomporaturo:If the volumo of-oil“in“dirculation”is'high, the piston
T 7. tomporaturs rises linearly by about 0,3°C per 9 of o1l
‘ . tomporature, . Sl ] s e T R L e
Volumo of oil ,As’tho,circulation:increasesiinvvblume;<the.piﬂton“: S
coooine T " tomperaturo falls, No further offoct after a certain _
'circETbtion_':’gminimum value is reachod. . = - . : e R

011 prossure :  Corresponds to the volume of pil‘in oircﬁlatidnk”;jﬁj5f3f
Ring,sidé;play:’Atfvery;low'balues:thé‘pistOn'ﬁemperébﬁre rises as the
- -play, roaches a maximum. as the play‘increases,‘and_thQn*t

. falls again boyond this,limit} RN BRI RS

.\ Tablo 1.,

f;;;;“*;7743ﬁ‘ine'data’
S - investigation

and working conditions for the :
S on IR -0 Lost _engine. ,

.'CylindéfVi,f-\ S e ~~~1BMW‘132;SoriesiN ,
Bore - . : R 156845 mm, :

Stroke - - S 1ee

. Capaecity .. .- B " 3076 com.
Compression - N R S 117 IR

Power . = = . e ..0..89 2 LH.P, "

‘Engino speed o 72050 § 10.rapem, -

- Fuel ‘consumption . 210 _2}g/b.h,p.gper hour - o
Ignition timing = - -~ 40° ¢ 0,5 beforo top dead ‘contro
0il pressurg > ———— - T 5442 0,1 atll a :
01l tomperature inlet:: 114 530 B
. o 3% -

~Plug ring temperature S

_outlets: - 116
(control tgmpﬁratgre)f;'ff_;i; 220 2%

¢ 1w

P

[

1412;?



En‘ine data and workin' conditions for

Table 2ov

the 1nvest1gations on:. he NSU engine._

Bore -
Thrust -
“Capacity
Compression. ..
_Power '

Englne '1a7{;'i'

-

fNSU 50L/os

80 mm.

'v__494 coem,

R Y W~

>T:8 6 2 0 2 b hopo '“é?

“Englne~speea,:":

LAY

000" '+ 20 PuDome

Fuel consumption - . 225 ¢ 5 g/b.h.p./hour-

.Ignition timlng ~..389 5 0,5 before- top dead oentre/
01l pressure N *‘,o 12¢ 0,01 atll .

aOilxtemperature inlet-?“’ ; s;' 1°C (pre-heatlng)

T outlets 77 2 C

Cylinder wall® temparature l)

1 (control tcmperature) 252 * 1 and 264
R 4 i Y A

lfﬂ

1°c 2)

il) Point of measurement see page 3,
"2) cf Fig. 16.;a,»-?‘“ o

Table 3.- S

| En ine . data and workln condltions for

0._investigations o ongine.s
Engine DKW EW- 301
. BDrG; ' 574 mmo .
- Thrust - .68 wmm,
Capacity - ... 292,5 cem,
" Compression - li5,.,65 :
~Power 4,5 & 0,1 b.h.p,
‘Engine speecd T o - _5000 + 30 TePomy
Fuol-oil ratio - ) o 20 1

Fuol consumption = 380 3 20 g/ b.h, p./hour
‘Ignition timing - ; 30° before top dead contre

Coolant outlet temporature IR

(control temporature) 90 (100)°C
Cylindoer wall tomperature: ~ . -
(control ﬁemperature) 1) 213%

Goolant ' Tri-ethylene glycol. |

l) This is. the control temperature used in the determination
~ of the number of revolutions.‘ L,

/

Diagram of - the 1nstallation for measurlng the piston
'temporature. _ S .
| . _v”Fig. 2

BMW 132, Influence offpower.f

o ' e,f.j]'_ Flg. 3 .

‘Influence of ongine spoed at constant throttle.

.-115--1‘
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Fig. 4

BMW 132 Influence of englne speed at constant power.
| ,' | / Eiﬁl_ﬁ _ ,

| BMu»ise Influence of ignitlon.e |

| 42:“_".._ o E&E;_é: | o
~4ﬂmﬁ%ﬁﬁ}———lnfluen“e of fusl consumptlon. 

“BMW“132.. Influence of cyllnder Wall temperature.’
BMW 132 Influence of oil temperature. O
-vi BMW. 152 Influence of 011 pressure.
d}exz o me 10 :
BMW 152./Influence of oil volume in circulation. ;v
-1NSﬁe Influence of power. ':'42 T e
o Fig, 12 .

v7;NSﬁ{ Influence‘of‘engine speed at constant throttle
. -and 38%° dgnition advance.~-’ :

: 3&51_13

NSU;' Influence of englne speed at constant power and
389 1gnitlon advance, . . e : v

Fig. 14

’NSU. Influence of .engine speed at constant throttle
"and 32° ignitlon advance. .

L Figc 15

- NSU, Influence of englne speed at constant power and
32° ignition advance.‘ o .
o 4 Fig, 16 o
NSU, Influence of 1gnltion ‘timing, '

/

o : E_g. 17
ﬁéU;ﬂ Influence of fuel consumption.‘

| | . Fig. 18 o
NSU.d_Influence of cyl nde:;wallitenpeneturee,vq

"'14 -



o Elﬁi_lg
:;_Ai\rj_s'tlri,"af‘Influence of oil temperature.

"i"" : ‘/}Mquf Fig. 20 ‘1 ,
NSﬁ;v'Influence ef oil volume in circulation.
Sl S Fig. 21 |
jfﬁSﬁg‘;Influence of ring szde-play.

= r , k{ ‘ Fig. 22
lDKW.t Influence of power.,i

Fi . 25 i v oL _
'DKW;'vInfluence of engine speed at constant coolant ,
: 7,wtemperature. e Y ; :
SR "», Fig. 24 }¢f

DKW, - Influence of engine speed at constant throttle
. _wv-fand cylinder Wall temperature. v SR

o '-.l o Fig. 25 | -
DKW, Influence of engine speed at - constant power
o and,cylinder wall temperature._

, , Pige 26
DKW, Influence of ignition. B

Fig. 2

DKW, Influence of fuel consumption.

Fig. 28

‘\DKW."Influence of coolant temperature w1th
E circulatory cooling._

ig. 29

DKW, Influence of coolant temperature w1th thermo-
~ 8syphon cooling. S 4 . ,

‘ » Flgo 30
DKW. ﬁInfluence of_fylindor wall temperature.

_ _ g Rig, 31 L .
- DKW, Influence of Plug ring temperature.ﬂ

_ o - Pig, 32 )
DKW, Influence of intake air temperature.
o - Fige 35 .

Piston temperature as a function of power.
' _ .
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F_‘l.agéé S

Piston temperature as- a functlon of engine speed at
constant throttle (cf Figs. 5 12 14 and 24) s

f::;ston temperature as.a: function4of;engin675555d. g
w"W:f' FlgS._ 13 15 3 and 25) BEE e o R

' Piston temperature"as function of ignitlon advance ’

.Plston temperature as-a functlon of coolant outlet
temperature. (ef PFigs. 28 and 29)

-p,) : ‘e,‘!: ﬁf,*l F* . 40
?piston temperature as a function of cylinder wall
;temperature (et Flgs, 7, 18 and .30),

Fl : 41 ;.‘: u‘ji.tb'q;‘}_‘.

pPieton;temperature as a functlon of oil inlet temperature‘

Fig. 42 o

[

lPiston temperature ag’ a,funotion'of'the'volume:ofi-
,011 clrculation.-‘_ o SR e

FiF. 45 o

'Piston temperature as a functlon of’Oil pressure,
. [N Fig. 2 '

Piston temperature as a functlon of intake air
tomperature (cf Fig. 32) c

| ._Eh_éé |
'.Piston‘temperaturo as a function of-ring'eide-play a
(et Pig, 21). D It R

N
A

L
Flgo 46

Ring-sticklng tlme as a function of various working :
conditions in the BMW.VI (Normal valuo = 9 hours o 100%)

Fig' 47 . Hkg. R .‘:’»,:d

f,Running tﬂme ‘up to ring-sticklng as a function,of lateraij_

‘ring play at constant piston temperature. o
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