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 Minimom and optimum R fuel.quantity £6T the
L. Ting process on the Jumo Cylinder 2114.

Qutline. o el

. 'Tests_have;shown*thétfthewRMfueLmquantitywofm5cu;mm.Jperm;@4Mw
" gtroke reguired for ranning the entine (2 to 10% of the total fuel
quantity) ‘is sufficient dowm to 1 Jozd. The quentity convenient
-both,for.performance,and‘comsumptionrhowsv€r‘001ncides,apnroxie '
" -mately with the minipum‘quantity only in the full load region.

Ia the’psrt’losd'reézon‘the cconomic R fuel quentity is higher. |
then the required gquentity.  Down to about half loed it is 20 t0
25cu.mm. per stroke (10 to 15% of ‘total fusl qusntity), beyond
that it rises up to 50 = Sbcu.mm. per st roke with 2.5 air -excess.
" 20-250u.ma. per stroke ¢f R fuel (squivelent to 5-15% of total
fusl quentity) covers the precticel operating range with 0.85 to
1.8 air-excess., ' e S R

/

Purpose of the testeso. 3/~ o co
.. T¢sts under var:ous locd conditions were cerried out to de-
termine the R fuel suzntity per stroke, for,various‘air'exceSS."

~ ratios, producing the best perforsiencs eud consumpticn. At the .
seme time it wes Gesired to escertsin the miniumu R fuel quentity -
sllowing uninterrupted operetivm. = . = : L o

/

Test procedure.
: Teats were ¢arried out on the I.G. teet engine fitted with =
.Jumo cylinder 211A. Table 1 shows the mein engine dsta, - Sheet
-1, Fig. 1. shows the disposaition eof ths ndzzles. R
: By regulating the fuel quentity = certain losd condition wes
obteined;?wthe71njected<R"fusl_quantity wes then grzduslly reduced
until misfiring occurred, showing that_a faultléss run was 1o
- longer possible. The nessuremsnts were etarted st & R fuel
quentity so 'high thet = further iacrease produced no_increzse in
pecwer-and & reduction oI the injected quentity produced no dropd
in povwier, . . R o . . : L
Tgst results. - ‘
Y, Minimum quantity required. B g o K -
Bight R fuel control curves were plotted for eight different
loed conditions with ccnstant geeoline quantity.  The. power is ’
plotted in Fig. 2., Sn-et 8., sgainst the R fuel consumption.
It eppears that &t full lo&d (t.p curve) the power is not at all.
afiected by the R fuel guentity; ‘gt!8cu.mm. per stroke it drops
sharply.. 7cuw.cm. per stroke is the 1im.t bveyoné which misfiring
occurs. . Rzuucing the power, l.c. with lsener mixture, the drop
in the power curve becomes lese sharply merksd.  On thé other AR
. hand the power drop occurs earlier. 2nd garlier until st pme= 2,
corresponding toA = 440, the povier begins to fall =t 60cu.mm. per
gtroke. it this stege the r=tio R fuel quasntity to totel fuel
.quantity varies between 40 and 50% (see also Sheet : any veri- |
gtion of the R fuel quentity therefore affecte the piwer more then
in the region-ot richer mixture with about 5% R fuel, .
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The phenomenom, that no power increase O0CCUrS etarting from a
certein R fuel quentity, in spite of ‘the increased.R.fuel,injectf‘.j
ion, cennot st ‘first be explained. _The=observ:tion;of,thevcourae'.
of exhaust-tempenatures?(SheetQSJ‘Fig;w&}) shows thst with in-
_creasipg;gifuel,quentity;(i;e.-fdr a decressing total;ﬂ):theyvrige‘_
gconsiderabiﬁféSPecially"in»the,%”and,%_1oadAregion,_which-pqintsf

—to-sfter-burning.. - As the R, fuel quéntity‘decreasés,.thgy;fsll' 5

-‘81ow1yfat‘first;*'at~ﬁhe inetanxmwhen‘output-beginsit07drop;more
vsteeply,?they f=11 suddenly,'igemﬁthe mixturéfburns[incompletelyj
.end reaches the exhaugtfunhﬂrn$4w ‘This phenomenon is more e

; thoroughly”inveqtigsted,1ateg,0n;,, R SR R

¢ If we connect the test pointe. obtzined from the Vs T10Us
minimum R fuel guentities (desh-dot line on Fig. 8.) we obtain
for each losd the requilrsd minimum R fuel quentity. . Down to. -
~pme = 3kg./sg.cm. (A = 2.1-2.2) this ie sbout dcu,mm. per stroke
_&nd it incrseses rapidly if the mixture is further weekened: -
'In the last test ®without gecoline, the R fuel quentity necessary
to attein idling output was 66cu.mm. per. strokes The. €peed how-
ever hsd dropped te 1,500r.peme - To meintsin-idling &t 2,000
r.p.me. the R fuel quentity required was zbout 85cu.mm. per stroks.
“Regerding the illastrationa,vnOte the‘fcllzwing;points: - on Figel
2. the eir excess velues for the vrricus R fusl curves sre referred
to gseoline only, becruse these curvee Vere cbteined fir a.con=
stant gaszline quantity.- The curves which #re reproduced on
each sheet, ‘are marked with emsll letters.e to h. . These &re
collected in e chart on Sheet 3. o R - :
2, Optimum R fuel qusntity. U e -
- In order to dstermine the optimum R fuel quentity in regerd
to power,and,cgngumptian, thg'consumptiun‘and pme figures hsve
" been plotted against #iT excess velues for the vericus R fuel
curves on Sheet 3, Fige %« In the rich mixture regisn end for a
1ow retiz R fuel %o nain . fuel, a veriati-n of the R fuzl quantity.
effects but 1little the zir excess of the mixture. At first the
_ power also remsine consteut, then it drcps suddenly. If how-
“ever the locad giminishes, cwing tc the growing R fuel proporticn
the R fuel curves reach further air exXcess 1limits, cné the power
‘Yoops heve & less curved chepe., . If we niw draw the envelope
we obtsin the optimum output eorrrespending to eschA « 4
~gimilar procedure 1is fcllowed for the consumption: the curve ,
enveloping the verioue cbnsumpticnvIOGPsgéive&nthe curve of op-
 timum consumphtion fcr efch £iTr BXCesSE retic. . Only as far as
= 2.1-Go the\optimun values cf the _control curves approximetely
coincide wit fhe envelopes.  Beyond thet the consumpticn riseg
so steeply t st ~the—eonsumption 100pE cverlep; the resgult is
thatvqu%g/paint (s regrris consumption) of & richer curve pro-
ducee be ter veluss then the bsst point ot & leener curve..  The
envelspe is 1nclined therefors towarcs the weak side of the veri-
"odS”cansumptisn~1eops.Awwguvﬁ o - e I o

. The same régults are: rechad by plotting the power rg=inet
‘the consumption, &8 on Sheetd, Fig. 4. The enveliring curve—
ghows here the minimum consumption fsir & given PIVISL . R
_ The points &t which the R fuel coptrol curves touch the
envelope are-the points of meximum power or of minimum consump=
tion-for eny load concition. . As homever the curves obt=ined
vexperimentally~touch the ﬁnvelopeiover,azlogggykintexygl.sspeci-"
slly for & high air sxdessy in eech'cesa‘%he'porti{n of meximum -
proximity;between‘R-fuel”control curve anc envelops wae chosen:
ané its length was . Grawn in the curves on Shect 2, + For the
whole los¢ rznge Coveres & Peglin of optimum power ie thug -ob-
teined. - Follcwing the same procedureé fbr~cansumpti:n,the‘limits,
of cptimum ocutnut anc pinimum c:nsumption meinly coincite; & '
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| ¢ommon3regién‘waé~theref0feiiné;cﬁted.fiiAs_reéarésfbutput;fltfis
. the best neturslly to keep to the right henc linit i.e. the engine

runs on R fuel gquantity et which the outrut no longer risessmini-
-mum consumption is attainédehen;output4is’rather~IOWer'adcording
. 40 the left hend limit+—TFig 2, Shset 2, ghows=thet only in the
full losé region is it poseible to Tun the engine on the minimum -
R'fuel qusntity; generslly = consicersbly grester—R-fuel qusn--
tity ie nécessary to schieve econqmiC’qperstion.*,iOnlyvin‘the _
rich-region the grsoline eir mixturs is—s> sr@ily inflammeble thet -
-a very*small'sourceVO£*iﬁnitian”c¢n start-tha‘chbustian,w;;The’ g 1
~lesner beccmes the mixture, the grester must be theR fuel quantity -
“t6 penetrate the whole cﬁﬁhﬁgtion;ch&mber-%n@fbring_sourCes~of_
‘ignition everywhere. ~In very lesn mixturse theminimum and scon=
cmic R fuel quentities spproach erch >thar sgrin; © here the. gas-
- 0liné consumption is insigrificamt. . R fuel is the basis of -
-power, enc with sufficient =ir excess & large .quantity—burns
. better thsn with & rich gssoline mixturg. The engine runs &p
imztely cn the Diecel system. © I we exsmine the curve °f the ,
“pre-injecticn sngle (Saeet 5, Fag. 6 & 7) we see thet in the case -
of rich gascline mixturqs)thE'pre-injettion.angle-of R.fuel in-
creases ag the R fuel quentity Gecreases. The ¢iluticn with
Cgegoline au¢ the consequent reduction of inflemmebility is deci-
'sive. . Ti the lezp region (from s toteld = 1.9 cnwarcs) where
~we &pprosch the Diesel cycle, the 1gwition log of the R fnel is
indepencent cf the quentity snc the pre-injecticn sngle ‘remzins.
congtent at sbout 900 crenk angle. o - B E

prox-

o 1L we plct the air-txcegs figures i the veriius teste cgiinst
R fuel quentity, we cbtain the curve representec in Sheet 2,
Fic. 3: . This gives the minimum .&nd eccnimic R fuel gquentity.
for—any given vzlue. 1f we imrgine the . Varicus R fusl control
curves extenced for £ mrigressively-recuced R Tuel quentity, et
‘0 cu.mm./stroke of R fuel they reach the  srcinete et aA velue
that_coincides_with‘thé?f‘??lﬁe referred to Ture gescline, s
computed in the tests. On sheet 6 the rotio R fuel gusnt ity t: -
gascling yuentity is plotted crningt the sir excess for e=ch test.
Tt shows-thet the minimum R fuel proporticn remeins belew 5% up
Hto#('? 2; the economic proportion however sterte st nb-ut 5%
ené gees up to 60-80% in the very lezn regicn. The rztic R. L
fuel to gasoline is shown.cn Sheet 6, Fig. 8 & 9, the proportion
of R Tuel to the tctel fuel guantity on Sheet 7, Fig. 10 & 11.
 The minimum R fuel quantities are znain incicrted by =2 cash-dot
lire, the economic plroportion by ¢ shaceé ares,  Up %0 % 1ozd
(equivelent to A = 1.8) the minimum-retic R fuel to totel fuel

i

rem2ins below 5%, the ecuinimic retic below. 15%.
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Eng:ne Ldt?”

'Maln fuel” CVab » 0, 1&%@b Hy® 10 OOOkczl/kg.

Main fuel n0271e Boseh DVE313/4 . 450 1 lntle type
Mein Tuel vump Bosch PSl/100 V- 6354 -
R fusl R300 (E,%6,880kcal/kes O lkg/lt.
: ERR theure% sirconsump. = 9. Szkg/kg.
R fuel nozzle Basch DVE31ll(single jet nozzle 0.4
R fusl pump . B~~ch Pu 1D, Gmm. rlstan
Compraasion ratil 1:8 - : 46°bBC
vValvc timing , Intake o“ens 13700C¢ Txst.opens/
o : - Intske closes 48930 " 'closes/
o o F . 3g%1¢
Pressure at t he thr ttle Valve 760mm. Hg. :
Ingect1cn angle &&S ollne - . 350 creck angle xTC;
fuel . corptimuam o
01l Tenmerature L .. 80C%.t5 90°C.

Engine speeC " »~f~y2 OOOrzm.
 Sheet | 1. Figs 1. -
Nazzle mrrenécment..' '
(R fuel cuntrol curves on Jumﬂ Glln)
. Sheet E. Elg. 2 & 5. Shaet 3. Fi:o 4. Sheet 2. FPlg. 5.
R fuel cun*rol curves.
‘(Sheet 5. ﬁlé.b.' et

Pre 1nJect1cn cng1Cq'

.'Sheet 6. Blg 8 & 9 Sheet 7 F.g.lO & 1l Sheet 8. rlg.12&13.
. R . fusl ciutrel curves.



