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11; Some speclal problems connected WltH‘the’"Rlng" process o
e M. Benuele Jtvttgart Zuffenhausen.

: After eonsultlng leth g0 as to make ourselves famllllr Wlth
the "Blng" process,. and obtaining results which were in accoraance
with what has already been reported Wwe turned our attention to:
some spec1al problems: commected Wlth the process,- ‘namely, starting,
the use of pre~ ~combustion chambers; and, 1n connectlon with thls,‘
’the pumpless 1n3ect10n ol R—fuel. I, R f . \*f'
S In our” rnv€§t1gatlon of startlng condltlons of the R~eng1ne,
we réjécted the idea of using suxiliary sparklng plugs or glow- -
plugs, as these require a boring to be made in the cylinder head, .
and can give rigse to operatlonal difficulties, Confining ourselveS‘»
to the starting of the R- englne simply working as a Diesel engine,
it - is obvious that there is & low limit to the temperature at Whlch :
the engine will start at a given speed. . This temperature will be
lower: the higher the startlng speed for the decls1ve factor S
affecting the ignition of R-fuel in the cylinder is the compression
temperature. ~Fig., 1 shows the results of the first investigations
“into starting conditions with the R process. These were flrst of
all carried out on an air-cooled 31ng1e eylinder engine, ~As the
~engine speed. falls, the final compression pressure, and, therefore
the fingl compression temperature fall off sharply, for the; _
‘ f0110W1ng reasons: o ,

/gfl)_the leakage losses 1ncrease, and

- 2) the effect of the late . 01081ng of the 1nlet-valve is -
~ increased, . - 3 . L B

In order to ignite the R—fuel the falllng compress1on preesure
must be. compensated for by pre- heatlng the 1ntake air ‘as shown in
,Flg. 1. . : : L

Sy

(Flg. l - Dependence of pressures 2nd temneratures o
~. - at. starting on . the engine speed .

, Slngle ¢ylinder engine BMW 132K e : 1:8. Inteke . closesl
1350 after bo%tcm dead centre. Throttle open, R-fuel
volume 75 mm, /cvcle optimum injection tlmlng. '

a) Pinal compression pressure . )
'b) Pre-heating of intske zir required for starting
e) Final compre381on temperature with pre—heatlng as
‘ : . under b). -

Vor comparlson -

d) Flnal compression pressures of 8 maln enolne
‘ BMW 132K e : 1:8.
" e) Pinal compression vressures of a llquld-cooled 3
. “eylinder unit BMW 117, e :.1: 8, 1ntake closes B
.680 after bottom dead centre) SRS

gL
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The tests showed +hat there was a'rise in the: flnal

compre331on temperauure necessarv for 1gn1t1ng the R—fuel /et reduced
Plnal compr ssion pressure. G S ERR TS
./; In an alr-cooled enslne startlng condltlons are cons1derably
leas ‘favourable than in a llquld cooled engine, owing to the
‘graater: piston . clearance- and the later closing. of “the inlet valve -
"when the engine-is .cold,:i. e., When the valve. clearance is small.’ _
‘This is clearly-—-shown by Fig.: 1, which compares the final conoress1on
Lressures W1th those<of a. llquld cooled BMW 117.- v*_ ;ws,n“¢_”.v, .

e ngh englne Spé eds are 1mpos 1b1e by eay reasonable means -
esp901ally in:cold weather,, Phe. usual starting speeds are within,

“the range cf 40 10.70 r.p. m._for an internsl combustion engine- . .

“wWith dlrect cranklng starter' sllghtlv ----- h1 her w1ﬁh 1nert1a sﬁartlng.

Our 1nve°t1gatlon° showed thet alr and 11qu1d-cooled enalnes
start best’ at: the above - speeds if the 1n3ect10n timing is carefully
selected and if a large volume of R-fuel is injected and well
atomlzed. The correct injection point is 22 to 270 crank angle
before top dead centre, cons1derably later than in’ normal operation,
At engine tenperaoures up to 0°€ a volume- of" 120mm3/cycle of R-fuel
was sufficient; at lower temperatures starting time  could be. - o :
vedaced by further ralslng the R- fuel volume to. about 200mm5/cvcle.

It was spoc ially not:ceable that a flne atomlzlng nozzle
0'vae much better results when starting than a single ‘hole nozzle,
thCh made o hard,. sharp jet (see Pig. 2); ~ in normal Worklng “the
exect opposite is the qqse., Fig. 2 further shows that even if ,
all the conditions most Tavourable to ignition of R-fuel are preseub,:
‘the 1nmake air requires considerable ‘pre-heating if the short .
- starting times required are to be achieved.. Whereas the prov1s1on of -
‘hot:air in itself causes 1ittle “trouble, there are considerable
‘obstacles to:supplying the cylinder with a high temperature air
charge since the smell volume of intake air becomes cooled in its
passage through the blower and the induction pipe. .Our calculations.
and tests show that the necessary conditions will be created if the
englne is cranked by means of an auxiliary internal combustion -
-engine:,. and the dissipation of the starter motor, alone, or: at Iow—
temperatures, combined -with additional gasoline combustlon !
.used to pre—heat the air cherge.  Even then it is necessary to
introduce the 2ir charge dlrectlv into the induetion nlpe that
igy- after the blower. ‘. ;
(Fig. 2 - E“fect on startlng tlme of the form of the
injector nozzle and of the temoeratures of .
‘ the intake air znd coolant,
-Edglne 3-cylimder BMW-117, liquid- cooled, o1 8 S
inlet closes 68° after bottom dead centre:- R—fuel volume
208mm®/cycle: optimum 1n3ectlon tlmlng (22 to 27° “befoue
top dead centre)., -
Continuous lines: Bosch nozzle DEﬁ4ON6QM6 angle of Jet
50Y: _ Starting spced -60/70 F.p.mes
» Broken lineés: - Bosch nozzle DV 2511, S1ngle*hole nozzle -
- O.4mm, -diameter. . Startlng speed 75 . P. m. )

!

_ Starmlng an R-englne by ‘Diesel ooer tlon at lOW temperaturo,
as unsatlsfactorv at a compression. of 1:8 with R 300 (the. R-fuel
then in use). The volume of R-fuel must be reised to about ten”
times normal -. thus. moking pumolng more\compllcated. Injection),

‘which begins late, ~must be adjusted pretty exactly - complicatlne,
the: vworl. of regulatlon and also . steps must be taLen to supply the-
cylinders with air ot a hlwh temperature.,. -

/
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The effort 1nvolved 1n thls startlng process as the result
of phy51ca1 ‘and chemical conditaons ‘Will in- most cases be greater;
ethan 1f aux1liary sparklng plugs are Lsed, L

L As. reoards our 1nvest1gat10ns w1th combustlon ohambers and g
,pumpless inJectlon- -In: .the Ring process the fuel and air mixture o
is ignited by 1n3ect1ng & small volume .of R-fuel into the :
combustion chamber. ~Although ‘this R-fue1 :is only: a. small. fraction.
of the volume of" fuel which is injected, +the means used to supply
it 1naect10n pUmMps,. 1n3ectlon nozzles etc,, are of. the same size,.
and .constructed the same way, It appeared & good idea to search
for other simpler methods of 1n3ect1ng R-muel.o One possibility -
was the system of pumpless injection by the auxilisry chamber
processf;ﬂeneloped_bv Prosper L'Orange. ‘This was intended for
small Diesel engines. We may assume that thls prooess is famlllar
to thls gatherlng. ;_”» _ : R o

- The 1n1t1a1 tests W1th an ingector dev1ce were made on.&
ﬁl-litre motor constructed~W1th the' cc-overation of the: L'Orange
firm. These. flrmlv establlshed the: pvactlcabllity of pumpless.
injection of R-fuel, but revealed a very high consumption of -the.
R-fuel, with all the concomitant disadvantages (increased risk of
knocking, intolerably high total specific consumptlon etc.)., »
Apart from the. bad lay=-pout of -individual narts, this wag due to
the fact that after the R-fuel was ignited in the chamber a large
volume of it passed into the main- combustion chzmber. Whereas in
the Diesel engine’ the fuel was deliberately atomizeéd, with .
satisfactory results,: -in-the Ring. process it proved better to.
injeect & comparatively thin, hard- Jet into ‘the combustion chamber,
with a great power of penetratlon. Lhomizing the R-fuel proved -
en unsatisfactory method. .The sbove-mentioned device worked on
the Prosper L'Orange prln01ple, with a chamber capacity of 2,7 or
3,7 cmS. and. e channel diameter of 2 mm.,_uhus gave unsatlsfactory
results, as already stated. The 3-fuel cornsumption for steady
- running using pure air was 39 mm /cche, while when the R-fuel :
was injected into a gasoline mixturc it was.as much as 77 mm5/cvcle._
- When working on normel asplramlon b Me€oD. 'values Were only 7.8 i
te 8.1 kg/em?. - R o R
Tests were made to determlne in nr1n01ple under what :

" conditions the" gasoline mixture in the 'main combustion chamber - -
could be ignited wvia a chamber., In these, Wwe injected the ignition .

TfEel into the chamber by means of a pump and nozzle, i.e. We_

"~ regulasted it.: Prior investigation had shown that the mogt sultablef
. chamber dimensions for a 1l-litre cyllnanr were 5 to 6 cmd, with a
. channel diameter of 5 6 mm. The. resuT ts were remarkahle.

R-fuel consumption was Very low au 4 to- 5 mma/cvcle' -the —~ -
. ongle of injection, and the chamber and. cylinder temperatures o
affected the power and consumption of tue engine less than with. .
solid injection. A comnstant cooling air: sressure of 300 mm, water -
~.column with & boost air temperature atb AOOC and 6 mm3/cycle of -
R-fuel gave mixture 1oops from 10 4 ﬂcﬂ* 0 ? kg/em? m.e.p.

These 1nvest1gatlons indicated Theu the fOIIOW1ng coneltlons
‘are requlred for ‘pumpless 1n3ectlon 0F B~ uel:~

, fGreater chamber capa01ty to maoen tne R—fuel volume,e

‘i,channel with large cross seciion to reduce the pressure
drop and the phase displacement between the pressure in
the main combustion chamber and that 1n\3he auxiliasry
“chamber, and . in order to 1gn1te the _R=fuel "at ‘the right .
time, -the concentration of R-fuel in the auxiliary chamber
‘with the remaining factors eultablv adapted to the'
_operatlng condltlons.;;_ : : :

-
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_A‘HaWithjthese;gonSiaeratidns}inﬁview,“wejprOQuced,afﬁewfgvgﬂw,_
kpumplessginjection”device'aS{in;Eig.‘3.;[It”hasgtwo”main;secﬁibns;‘
“that for thé introduction and injection of R-fuel (control valve,
ERFfuelﬁchannelfandvcalibrated[R—fuélﬁdrillings?;sand»thatjforu%jtf

ignition and combustion (auxiliary chamber amd mozzle chammel).
© " The stages of this process are as followsi= .
1) The control velve opens on intake, the R-fuel chemrel

2) On compression, the gas flowing into the-suxiliary chamber

"cauSes_aa1owering;qf@pre33ure,infthewezﬁensionqofgthg@;Jgrff
“nozzle on the auxiliary chamber side, - The fuel in the = =
»Channgl;ié;i£SWﬁQiﬁ;*and}atdmize&4inqthe,auXiliaryjchamber.
. Mhe heat of compression ignites the R-fuel., . - L
Ci{Pige 3 ~7Pumpless‘injection~devicelon‘a;Hifth”l-litre“n 
S o . eylinder) Lo oo R R e B
©3) The flame created in the auxiliary chamber by the ignition
. end .combustion of the R-fuel passes. through the nozzle
" channel into the main combustion chamber, and there -
. ignites the fuel-air mixture: - the unburnt particles of
. R=fuel in the chamber are alsSo swepﬁ_along;{ff”““f“’*“““’<

- Pressure diagrams which have been recorded partly bear out .
our view of these processes, €.8. the ignition of the R-fuel in
the auxiliary‘chamber“at.10.to,20° erank angle before top dead
: cen‘tre o R ': __r.*ﬁ “_ R NS ST B : “ B et .
-~ With this device, the-engine ran With remarkable regularity

‘throughout a great range of engine speeds. The power was 2.5 1o
 3,5% less than thet of the spark-ignition engine, the specific - .
total consumption was 22 to 25g/H,P. hour higher. - At part load, =
the engine could run at mean effective. pressures of from 10 down to
“I,5 kg/em?, at constent cooling'air pressure and with 10 mm3/cycle
of R-fuel, -.The temperatures-of the device (measured from the -
outside) were 200 to 300° on ‘the cover of the chamber, 200 to 240°
‘on the chamber itself, and 100 to 140° at the control valve.

~ Phat there was no. denger of the small R-fuel drilling
‘quickly becoming choked was ghown- by endurance running., In a
device in which the control valve side was ccoled by & water
~-channel, also coking of the bore only began after 140 hours, A
. déviece which was completely air cooled was also working impeccably
after 80 hours. L I o el

L There are ways end means of influencing the individual stages
of this process, and of adapting'it. to the prevailing conditions.
The volume of R-fuel can be varied by correclating the size of the’
drillings of the control valve, the stroke, the R-fuel :‘drilling,” °
and the R-fuel prossure. The timing of injection of the R-fuel into
the chember can be varied through the ratio chamber content; -
dismeter of nozzle through shifting the point of entry_of the R-
drilling in the nozzle extension,” and through the 'shape of this
extension. R . T T R ‘

, \ T L S . ‘
. With eir and liquid-cooled 3-litre cylinders, the power -and
consumption obtained with solid injection were only reached in the
region of maximunm pover (Fig. 4), and with increasing air €xcess,
the power -fell off mere rapidly; with a corresuonding increase in
consumption., On the other hgnd, with 1-1litvre cylinders the

individual.e;ements,were'successfully'attuned;tdweach.otherfand'

——d -



;nower and:consumption Wer .y
. If-the’ cooling zir pressure is; ‘congtan
‘end ‘the load is’ decrea31ng, chamberftemperatures fall less
‘sharply than cylinder temperatures..
500nsumpt10n in the weak m1 ture range"ls‘actually better.”

~with solid: 1n3ectlon.

(Fig. 4 -»Comparlson of pumpless and 011

of R-fuel.,S

,nt:etfalﬁ from those

Thus with pumpless . inaectiow;g

1ng1e ‘¢ylinder engine DB'6001

”fze 3°1:8,2200 r.p.m., boost: pressure 1033 ata.

" boost air ‘temperature 60°C: - R-fuel volume With_l

.7 'solid injecti
‘;r'flnaectlon 15

There are. ceztaln diff

ion 20, mmg/cvcle, WlthﬂpumpleSS -
/14 mmz/cycle) fﬁ

iculties in the. way-of,contrdl 1ng

?temperatures and regulating the R-fuel: pressure;' ‘For. if the:

Luemperature on the control v
[form in_the control valve an

alve cide rises-above 1400 bubbles
d fuel line, On ‘the’ other. hsnd

“%he ‘process also has & low temperature 1imit at Whlch R-fuel Wlll L
‘not ignite in the chamber.; But it-is presumably easier to ma1nta1n¢

~the- necessary temperature in’

the chamber than .in the: eylinde? head i

With increasing boost: pressure the: R-fuel requlred ‘increases,

;uherefore R—ruel pressure mu
‘boost pressure. i

To sum up, our 1nvest1

st ‘be regulated in aceoz dance With

gatlons show that the effect of the.f

gnhsmber is to: simplify the control of. temperature and: R-fuel

?volume, and that pumpless in
requires. less elaborate couns

jéction on the 1lines described :
truction than pump and nozzle in;ectlon

and gives satlsfactory envlne characterlstlcs espe01s117 W1th

°ma11 cyllnders.
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