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o When adjustlng to ontlmum output the naximum pressures are” :
Lequally great both in the ‘gasolene- engine process and In the ring~ '

- process, - -1In the gauolenn-englne process peak pressures inerease

- steadily with the ignition-advance, whilsi in “the ring-process they

‘ ‘decrease again when the. 1ngection~advance is 1arger than was neve-'

ssary for ootimum outbut, o .

I When conpavﬂng the gavolane-englne orocess and the rlng-

. process, Giagrams show a power-gein for the ring-process through =~
the start of pressure-rise at the top dead centre and a slower

pressure deércase 1n the exoan31on-stroke—~~”- : -

4

S When testlng the heat of the coolant - we. flnd that it is by
‘25& larger in the gasolene-englne proeems than ‘in the rlngoprocess,

Inﬁroductxon*

: " When deallng with workmng urocosses of englnes 1t is import-
ant to exeminemoi-only the mean effective pressure which may be.
. reached, .but also the peak pressure-of the combustion. “Upon the

- extent of this power. uegends tho aimen31oning of olstons, 2iston-

:f rods end hoarmgse

Tt is cuite well known that the peak or cssures "of the. Diesel-
~engine are very high, not only as a. congoquence of the high com-
pression pressure but slso-because of the sudden combustlon~star%°~
It was for this reason that uurlng the - aeve1opment of the Diesel’
engine efforts were constantly made to. ootaln a smoothpr comoustion
e g by using pre—combustlon-chamberscM o o

o Iv was. however, nnepsqavy to aevolop a sgecial oearlng~
. alloyi- ‘the lead bronze. The ring-process starts the ignition
. of a gasolene mixture with Diesel type combustion. Therefore the
‘ouestion arises whether the peak-pressures will correspond to
. those of~the gasolene-enélne or o~ those of the Diesel engine° in
. the latter, case it would be more aiffieult to convert available
'v‘gasolene aero»engines tai$he rlng-p”ocesso, '

.. . Besides peak” pressure experlment°s 1nvest1gatlons of the
“heat balance was 8lso’ necessary ‘

Conduct of the tn ,l?;

——

S o : iy
The tests were caryi sd outzon an I.Ge bcaeareh-englne (No 2)
with a DB 600154 inder uuder the ‘OLLOW ing. candltions.-
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“valve timing.-:“ v‘L(vlnlet opens.‘25° before the T.D.C:

e : ~?-,;w151nlet:close3“~75 —after.the B.D,C,
R R “exhéust opens: 53°_after the B.D. f
exhaust. closes: 29 after the D° o

Boost-air temperature.—'SOinf_

- AR

_Bngﬁt—pressure.—iff{ ,fj760~mﬁ/ﬂgj 
- Cooling-water ' ~“:‘03' i
- temperature.—~ S 807

;011 temperature._. ﬂl'_.ébo v ; _

;Fuel' S "-:’7573 CVZb % 35;’, m 11@ |
Fuel-nozzle. 7 seo/ze. 9/41 (L'Orange) ,
RqNozzle: o Ty 2612%1 fhole 0.3; 50° gg'“"
o T DA o exhaust~valve)

. R-fuel quantity - :"_.zz;mm“3/cycle L ’
Sp&rking-plug ' f' : 7DM 225,Tl1 : »a

<

The fuel-nozzle wag in its allotted place-i the two sparking-

‘,plugs were opposite, as usual. -~ In the ring-<process, one sparking—

-~ plug was replaced by a dummy-plug, the other by the R—nozzle."‘ o
The quartz-plckaup was in a special hole. .

. We tried first of all and as accurately as p0531ble "to. obtain
information about the pesk pressures as a function of the spesd.
" This was done oy supplying ‘@ constant heat-quantlty for each cycle,

and adjusting the best power aﬁ various speeds by changing the .
1njection-advance. : .

When repeating the tests, homever, we observed ueviations
which were too great to allow & reliable assessment,  Decause the
injection-advanoe was set by mere trial and error. . Therefore
~the tests were limited to one- speed only, and we examined the.

influence of ignition-advance in the gasolene~-engine. process, .
.ar.of injection-advance in the ring progess, on power and peak
pressuresﬂ malntalnlng a constant fuel quanuity. : o

, C We shall hawe to 1nvestigate the influence of: vﬂrious sneeds
. and temperatures on. peak-pressures by snecial tests.

' In ----- eontrast to.the Diesel engine, where there ars only small
differences between the individual combustion cyeles, the diagrams
for the gasolene. engine process and for the ring-process freguently
- show considerable differences.. "In order to assess the courses of .
-eombustion, it is necessary to take a great number: of diagrams which
will give us a good plcture of the variations. o v L
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(a) Peak Pressurns -

i The tests were carr1°a ‘out witn tne same excess—air of 0. 9z,
i egAwith full losd in both the. gasolene: englne process ana ‘the
ring.process.: Thls»corzeaponded to & heut suoply o abouh 152_~
X 103 kcal/hr. ~-The-R-Tuel quantity in’ the ring process was: S

;.22 m /cyc%F whxch meant 7 7 Vol . of the ‘Tuel: ouantlty.i, af-f

o Page 1 qhows dlagrams comparl the r 8 of the: gadolene
_end Dle%ﬁl testg - “The maximum ouggﬁ%gln §%Er cases.’h 1t was

. about 9.8 kg/ ‘Becguse of & rather long ‘pipe between the .
surge tenk and the cylinder this particular test-stand obviously
_'dld not yield the same . output as others, Va . ,

v We measured the ueak oresqures fvom olagrams whlch showed
30 working cycles: euch. . Since each eynlé has g course of .
 combustion of its own, we obtain a2 given region in which the peaa-
pressures ‘take place and the limits of which are shown. We ..
“‘mustinot forget that this ddes not give us the exact spot in this
"regjo n where most of the peak pressures occur. — Furthermore ‘the
average 1s not to be found in the centre of the Two limlts.,,,W
must try- %o,ootaln the true mean value by further tests.i :

- In the tests here, we con only f:nd out wbether ‘the maximumu
values of the péak pressure differ’in the two processes. The
best mean effective pressuree were raacheo under the f0110w1ng
conditions-‘ SN :

Process g f ¥ : Ignition—advénoe’ MnEeP°~ Peak Pressure d .

Gaso1ene»Engine S . A S - B -§ 5-32 5 ©14.0
Ring-process englne o ;500' PR S«G,iof,és 5‘56 : -
do. - - om0 9.7 a4 -55'  11.0
; . , e

@, _of”~_so°' | 9,7 Toa QTSl‘“~>oo10,Q

: The q: fferences between meximum and minimum. value, - the latter
based on-the former,- are also shown on page 1. We find that
ring-process englne runs more evenly.  Its sméllest variation is
18% as compared to the: 255 of the pssoleﬁe-englne. Xt 1s remark-~
able in the rlng-process that the pesk pressure is in about direct
relation to the M, E.P.” So if we decrease the M.E.P. by ercessively
early jnjection, the peak pressure follows. In the gasolene~
engine. process, howaver the pesk pressure increases steadily end -
continues to do so even when the M.E.P. oe?reaces ‘egain because of .
an excessive- ignwtion-auvanoe A furthertdifference of the two
processes ig that in Zhe ring-process the change of injection-
advence influences the M.E.P. much 1l2s5 than the ignition-advance
in the gasolene-engine roceso,- The injection advance may be
altered e.g. between 809 .80° without noticeably affectlng the M.E.P

“This is shown by the’ numerical table. . As regards conbrol we tome
“to the important conclusion.that the injection-advance need not be:
so carefully adausted ‘as the ignftlon advance of the gasolene-'-
engine -process. Besides thers 1° ne danger for the equipment
,when exceedlng the limit. o s T '



-~ Ve fina a-few diagrams on psge 2. They also show at the same’
time the peak pressure curves from page l.-- We should say herc that
'We‘shbwed,onlyaneypartigularlygcharacteristicnphth@foféEEHfﬁSfﬁﬂ?"g
measurq@_q&dhﬁtimé;,‘QThe?vgriabipns=seenﬁonﬁthisfphotowconsequently -
@o not give us the complete variation region as represented.by the
1im1tﬁburves,fj,wg:showea_pn”gage”Sjtne“highestediagrams'occurring.
at each test pointtwhich,ffyas;1imit*va1u9@;b§awhatgwasyobserved,é_, :
{allowga,Qértain%eomparisonabetween<the,gaSoleneéengine-process and -
- the ring process. . We see one fundamentel difference from thess
;,diag:amsg;_jln3thefgasclenéeenginé,prbcesS~thewcambusticn”st&;tsv1v’
{’19gg;§gigreﬁxnéidead,centrpg'theijmpressioa»éurve gradua;lyiturning;‘
into the combustion curve. - In ths ring-process, however, combustion=
‘starts with a distinctive oend in the curve near-the dead centre. .
‘The injection-advance angls has only very 1ittle influence, indeed,
which is also proved by the small change inthe M.E.PJ vien chenging
. the inject on-advance anzle, a fact we mentioned before. ' The. rate
 ‘ofjpressure'rise~may~b¢~1argerJinfthe:rizgeprﬁcessgfas'shown-by“-’

pages ‘4,5 and 6. - ( Compare e.g. on page 4 the eurve for 400
ignition-advance in the: gasolene-engine process with the curve Tor
50° ‘injeetion-advance in the ring-process on page 5). In the =
‘gasolene-engine process the rate of pressure~rise increases still
Turther with the excessive ignition-advance of 50° sny even exceeds
- the maximum rate of pressure rise of the Ting-process. . With an - .
ignition-ddvance of 609;*however,@we'oggerved 4 deecreuse agein. . In
. the ring-process thejrate,offpreSSure¢rise*decr5a3es'againgconsiderably,_'
- when the injection-advance angle is greater than 60%, &: can be seen )
-On:uaeeUG.AQfWith’aﬂ,injectiﬂn;advanﬂq,&ngléqu‘709—ilcf,_pageﬂl),which'is
the most satisfaetory for power Gutput, the seme rate of pressure rise
is obtained as with the gasolene-engine vrocess at its most Tavourable
~ignition of 40°, - .- - T . T PR Lo

~In fig. 1186 we show & gasolene disgram at 409, iganition-
edvence with a ring-process diagram at 70° injectlon-advence, end ws=
selected two diagrams which happeneéd to have approxircately the sume
peak pressure. . The'start of combustion in the gasolene-engine
process before the doad top centre means adaitional compression- .
work vhich leads to an area of Jess when compared to the ring-srocess.

Lo+ (Diegram shoring course of _ :

o ~pressure in the gasolene-. =~ . . S
" --engine process and the o, Do
ooring process) . -

A second "loss area" is caused by the fact that during the -
expansion-stroke pressure decreases quicker thaa. in the ring-process.

. ' ~This phenomenon can be found genmerslly and not only with these
two Gisgrams. . This.means that - if the gagsolene-process is to .’
Yield the seme power as‘-the ring-process - this can only be done -
by a higher peak pressure. T I o LR

. ‘This means that the only way in vhich to obtain the same gower
with the gasolene-engine process as with the ring-process, is, to .
raise the peak pressure-in the gasolene-engine process. The tme -

‘mean valucs of the pesk pressures must conseguently be highor in the -

o

gasolene-enginejprocess than-‘those of the ring process. .

~In tests during which the R-Puel was not injected across the
combustion chamber but into a,pre-corbustion chamber, we obtained the
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Moreﬁthorpugh_testsgare,necessary;in.ordsrqu‘sqlve'thesctiesbiqnsf?

© ' We may deduce from the different course of combustlon in the
'gésolenef#eﬁginetanﬁ?ringﬁﬁfﬁéess’that;thezg,are;slo’differenoes;in.
the.ﬂeatﬁbalance;aaud,thatgtheﬁheat;qﬁantitiestrejecteﬂ.tOxthé>'[y,,
cooling-water ere differemt. . e AT e e

'15'"}Thiéiﬁas~airéédy*poiﬁtedﬂbﬁii6§FﬁBMW?S§éndauﬁ[(iiIMéHeportf7 
Ko°'464/of'September,9th;v1941);;;Qests,with.airécooled;engines‘ffg;‘

.showedvthatwth31¢oolingtwas,qbviansly:toofstronge‘ It was found
For-instence that at a test-point maykeds=- Mcylinder-head centre™ - -

we could. observe temperatures.of 2200 with the gasolene-engine

process, and 1807 :with the ring-process. . By removing cooling- ,
fins with a weight of not 1essvthan,1;?“kgﬂper‘cylindergwe_succeeded‘
in increasing the head temperatures {o-tho usual value of the :
gasolene-engine process. . = f@/' TR R L
- .. By exhaust analyses we tried at firss $o find differences, -
if anyy 1njthéicourse;of”combustion,»'aThe'resultsﬂare'put down =
on page 7 annghpwithat.the:experimeptal’pdints of the two processes
jliexwith»sufficfént:ﬁnpnracyﬁqn*common*gurves;'. o K o :

[ ) .

' .Pests of coolsmt-heats are shown on page 8 Ve used here
a2 cylinder DB 6001 under ‘conditions. similar o those of the previous
.’ We hagd, however, aunother test-stand s0 that higher outputs -
‘were achieved: The circulation of the coolant was throttled down
»as:faru&s;poSSible“within.safety?limits;ﬂandvthis coauged. a’-jump-in
gemperature of about 10°. - Page 9 shows the power of the 1.G. pump
used for. cooling comparing it with that of a coolant-pump type - ‘
‘DB 601. ~.In addition there is afﬁurvem#supplied by "Daimler-Benz".
. The heat rejected to the coolant: ig considerably greater at the -
' power peak in the gasolene~engine proeess then in the ring-process.
" If we eall the.cdolant'heat‘of'the;riﬂg—proceSs,at”ﬁhis‘point 100%,
the heat discharge of the ring-process-{sic) {? gasclene engine)
© is 1255.  _ Reckoned on. the whole:heat .supplied, the coolant heat
in the gasolene- engine process is about greater than in the ring-
process. = T L A e e

7 The ring4précéssvréachés the greater part of the coolant-heat -

abt high exqess;air\which is obviously ceused by slow combustion:

7 Bya mOre’exabt'1QVeétigation,fﬁhich is not shown here it wes
“elearly found thai the experimeontal points at 1.53 end at-1.98

- were faulty,;and«therefore they were not btaken into consideration

. for the position of ‘the curve. = ST L :
o The‘exhaﬁéﬁéand’oii’temgeratures'which wefefaISO‘méasuredido

not prove that an increased exhaust temperature gives comgensdtion
for reduced coolant heat. . A R

- Lwe:é§1not'know,Whaticausés the reduced coolant heat. This is
all“the.more~remarkable in that the form of the dlagram described in

-

7



fthe prevdous ooetlon‘ ug»

‘*certaln‘after-burning during the»,

sxpension Sthneow. Ttigs 1ntended ‘to lcarry -out thorough tests

about the codrse of combussion end to - qolve't
coolantohnat at the seje~$'me - -

Page 1=

'Pé’ge '2:‘-;;‘; i
Page 5 = o ’
Pege 6* f:-< ,
e T v

. Gasolene-englne process, S
e v ‘ J = 60 1gn1tlan~ﬁdvance o

Rlng DroceSQY- / v
i-iéﬂaabo 1ngectlon-advance

TYBED/CGB

he;questlon of the

v Comnarlson'of oeak pressures ia- the gasolene-englnefi

SO

end Ping-process in their relation to ignition- =
‘advence or inaection-advance respectlvely.., Cylindet
DB 6001 comnrdseion ratio l 8 Speed *-2000 rapam,a
1—092. B i S e

Influence of the ignitzon-advance on the course of

'“::»eombustlou wlth advanced indection

N
Course of pressure

Pressure speed dp

Pressure speed dp

Bl

: Preosure speed ap -

“ F’*P,

““3f€”‘qR1ng~gracess L R e s
‘a;60 - 100 ngectlon—advance T'

”'wComp031tlon of the»exhaust-~gas

gasolene—envlne-procees and rzng—_

"yarocess comparcd
o }Coolant—heat .fllf“' ‘Ke*ug;f; L
Sl pasolene-engxne prcee s‘and ring-process
: compared RN R

Power of ccniantapump

4%h May, '1946.





