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'”resultS{ip=th¢.lightvofﬁbasic*teghn;cal‘questioqs“ofidouble-AfT

'methanol,‘andfpuréxmethanol;ﬁasg$ojthe'investigatibn;of%inf'vj,
,jectiOnﬂratio;.theadeterminationyof;the:resulting*pOWer;ftheW"
necessary amount :nf 1njection'material-and total consumption,
the'thermal,and;mechanicalpStzQsS;Of the engine, the sensitiv-
1%y of operation, ete. - The testhare;tofbe:continued.’iHowa
ever,. the results obﬁainei,so_far,finﬁagreement;withéfull-M»ff~
fscaleitestg‘ihvotherﬂplaces;ﬁshqwfthat”thrOughtadditiona1 j;'_‘
5injection‘of-these-substances, on aCCOuntgofgthejinternal;*,
~cooling due to high latent heat, -a control of the heat lodd
-of,thefengine-is,possiblé;-that:raisesvthe}s§Ecifie'power,to
an»exception&lidegree'above'theinormalgknockrlimited perform-
,ancefoquPark-ignitiOn-engines;-as,long‘as_the,necessary,fuelf
air ratio is_obtainable. i R T e P D
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: 1t has been known for.a long time that a - large degree
"of dinternal cooling can be obtained in a spark-ignition . '
.engine'by:water,injection,.{on accountﬁof'the.high”latent~3‘
heat of ‘vaporization. of water), by means of which an increase
of. knock-limited power can be. obtained for & given fuel and
engine, and hence increass in boost and power are possible.
- Tests with water injection on ‘the English Jaguar aero-engine
‘%gvefa 30wer’inCreasé,of about 30% with 60% water added to .
8 XWBLiy o T T e T T TR T

‘ ~AXcohol and methanol have'also’been_knOWnlfqrfajlonéTi;

- time, as. additions to normal fuels, to raise the knock limit -
‘yand.henCe.permit'a.possible.pbwer.increasea _-They have very >
-highﬁlatent,hcats_as compared. with other fuels and have " .~
“better knock performance. - +Their- drawback is the low ealori-
[Lficuvalue,'which,implies‘a high consumption when using them

- Which is known to be higher than ‘hen'WOrking3With{gasoling;:

: sincevtng calorific value of the m xture‘ﬂsﬂalmost.as;highv o
~as that of gasoline, but the high latent heat causes an - = -
~appreciable drop of boost tempera@ure.during-thc:intake stroke
and hence a possible increase in weight of charge, . The use
of such fuels at take-off, in sir eomb&t,'etc;,»ior‘increasingf
V,thevpower_Of{engines}operating on fuels of normal octane - .
.:numberwforrcruising has’alsowbgcome’welliknOWn_tthughf

publiegtions.



| Por example & report is given in ATZ 104l p. 145,

fdhffgreignﬁreSqaych;;frqm,whiph:figggl-has{beepfcpnstruc

,? rwi*.,ThéTuée.pf;alcohblfasganﬂadditionfto[blends*fgrwj;:q-g
’high*power;%high‘speedﬂengines;is“alSofknown;’QEEhegdlff;?ultyvvt
fhereilieSJinltheﬂproauction'of_a'stablejblend;,;QThegs@ablljiélg
?ity}deﬁends?largely;anthe»internal*éomposimion of;the;ggspl;ne;.
'Ithhbuldﬁbé]bettérﬁinfthe.prQSehcerﬁﬂbenzoleJg{;With;regardgj;,
{togstability;fthe#bléndeareyespéCiallyigensitive;to;w&ter;;;;ﬁﬁ
"and'also:to.temperature;“:TO[QVOid{thesegdifficultieS‘separata:;;

“injection {aS“in’the‘abOVé%teSts)yWaSQtried;J,thisxis'alsO{ﬁj_ .
indicated on groundS;ofveCOnomy,'g{Thuéwaasubstantial4savingqq
=0f~3660ndary?fuel‘is'achieved,'forlthiSLis?onlJ?uSed=Whena};fﬁ?
““increased power is necessarys 0 o T I e

S .fﬁ,'ThiS[shOrt'summaTy,showS‘how,important'isrthe e
,~questionjof‘such(dpubleffueltoPeration_for increase of power;
fexisting-researchwrQSultsvgivenno exhaustive answer, but . - .
-ineite one to further research. ~— . . . . - e

oo - In fige - 2.are given,blendingBValues,ofpwaterémethanglj
-7 mixbtures.  The shape of the freezing-point curve (tg) should -
-Q‘*be"nOticed‘for?high'altitude;engines, as the freezing point -
‘ of’a:water-methanol'mixture‘COntaining less. then. 507} methanol
1lies aboye -500Cy-——r——= = = TE TR TR T S

IEST CONDITTOWS. = =' =~ . = R |
oo A _water-cooled BMW.I116 cylinder of welded construe-
“tion, 150jmm.,bore,'150'mm.fstroke,‘built'on‘aasingle~cylinder';'

‘test bed; was used for the work. = The cylinder had. the normal
disc-shaped combustion chamber, which is usual . for a water-
"cooled engine with 2 inlet and 2 exhaust valves. ~The 'valve
~timing was normal without unususl valve overlap. - The fuel -
.was,injected-1aterallyfinithe“cylindervon the exhaust port .
gide. .The-subsidiaryffuel-{Water,ﬁwater—methanol,tor‘methanol)
~for double-fuel runmning—eould be injected .in the' same way S
opposite the main fuel injection or -in the induction pipe o
~-about 150 ‘mm, before'the;inlet@valves.jv;Bosch:pumps'(PZZ/liO
Vv657/l)‘and'valves,LDé’40-N”GO‘M;6)-with.an“injection;pressure~
"of 60 atm. were used., The ‘boost air, which could be heated _
electrically, was-delivered.byran—externally'driven compressor, .

o+ In order to keep constant the magnitude of the
external‘coolinguthewheat transmitted: to_the cooling water -

~of the~closed*cooling‘qircuit~was estimated by measuremént = -
of the difference between inlet and outlet temperatures of
the engine with a thermocduple—consisting of twenty junctions
connected together, The constant circulation'of«the'clqsed
water circuit wes- 50 arranged that a-temperature differsence
of 6 to 89C betwoen inlet and outlet was obtainsd. - Sinde the
total water -content of the eircuit can be made relatively =~ =~

. smell, the temperature differénce méasured,by;the7thermo- —
element is very sensitive;topvariations'of-Cobléi% fgﬁperature
due to changes in the mixture strength in the cylinder or
internal,coolfng“by‘the scecondary fuel, and quicklyvbecomes -
stabiliged. The"measurements‘are'very reproducible, By
this means the heat transmitted to the cooling water was -
measured in cach test, and this gave -a.measure of the heat -
load of ‘the cylinder.,  If the amoint of cireulating water -

-is kept “constart; eiualﬁheat;trdhsfer;to'thé,cboling”waterj

“in two .tests denotes approximately equal heat loads, an

!
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“incresse in heat transfer denoting an incresss in heet losd.

,“the;meanftempe:aturef'garftheﬁexhauStﬁvalh” by means of a. . -
 ?tfPtth"lém§nt57""‘”f-“ 1€ BX Rime i) o

Lowing conditions obtained during the tes

. Cooling water outlet: 850C (kept constant by means
f & thermostat operating on ihie outlet. of the open cooling .

dircuit),. -
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"Test Results, - ‘

.+ . . The scope of the tests and;tﬁeqfirstlevaluations,

_ a?e=shown‘inlfig;;sgjwhere;tGStjregglﬁgﬁgn;gggb;eFfuel ST

- operation with additional-injection ‘of a mixture of 755 -,

'methanol;and325ﬂ:water,areashOWn,»ap-120°C;B;A;T; and boost
pressur9340f<1;55,'1;615,7and,1.91.aim;;,‘The;externalr' .
coolingﬁwas»kept_constantﬂatra'value:cqrresponding to & rise -
of coolant temperature of 7.25900 at[1;00:atm,fboost»pressure:;

and A= 0.9, With inereasing, - the hourly fuel consumption

~(Bp) fell,.so that the additional injection of the methanol-

~ water mixture, By(1), must be ‘increased, if the required

jhigher,héat;load,is~to]befcompensated;owing to the weaker: -

‘main fuel mixture. '~ The m.e.p. (pi) reaches its maximum at

: abdut‘ﬁN='1.2,-cprresponding to & value of ¥ A (main fuel and

- Secondary fuel) of 0,8 - 0.9.  Above-in the same figure, the
meangeXhaqsﬁ.temperature,_tabg(l), is shown. - As mean tempers-
tures of single-cylinder units they are rather lower than .

- normal, and hence give only & 'qualitative picture, but they
are neverthelessgimportantvfor;the‘examinatiOnvof_double—fuel-.
operation... Por constant boost pressure, the exhaust tempera-
ture naturally increases with weaker mixtures, With increase

- of boost*pxeSnge,'andvtherefore"increase“of]powerjatrconstant
mixture'strength,‘the‘eXhauStytemperatureffalls,*sincevthe‘

- additional mass of secondary fuel has & cooling.effect.

_ - In the cylinder desoribed, the knock limit was in.
the range ¢ = 0,8 = 1.1 .at 1.25 atm. boost pressure.. The
‘mixture response curve is an almost horizomtal line in this
- range rising first at very:weak mixtures, while any increase -
~.a% rich mixtures cannot be determined, in: contrast, for example,
~to . the BWMW. 132 cylinder. ~ A higher heat load is obtained -
‘when using this, corresponding to a coolant rise of 8.650C in
the test cylinder. -~ In the*Same-way”itFWas'required-to-knOW ,
for the knock?limit;.the'necessaryiadditiOnalVfue1}being“_',1'b
‘determined, why it should give such 's’ curve with correspond=- -
ing weaker values, only falling at very weak mixtures.. . The ..
. ' figure, ' . The' exhaust temperature

values are not: given in the




tabgok), For the mlxture response curve 1n the range,j\ 0.8 = -
Y00 ds related 10 the boost pregsurc. ‘It lies: highertthan the
measured temperature tabg(l). but the ‘urve has he same form..;

i If p01nts are taken from the test results ) A
example at.X ='0+9, the curve shown in figure 4 is’ obtained.,;,
For . A=70.9. the 1ndlcated power Ny (Hp) (calculated from-
“the" brake power) -the m.esp., pi (atm.), the fuel. ccnsumption
(kg hrs), the secondary fuel consumption, BM (kg hrs )
a% a heat load corresoonding to-the losd at & boos ‘pressure
—ef—l—atm., the ‘secondary fuel: eonsumptlon BM(k), at knocking
~conditions, the total consumptions By +,3M(1 ‘and B+ BM(h%
at corresponding heat loads, the specific’ consumptlons 1(1)
_and ’z;bl(h) (g/HP.hr), and the ratio of secondary to me .
fuel e plotted. againgt-boost. pressure.' CorreSpondlng to: the
increase of pi with boost pressure the. heat ‘1oad 1ncreases, S
which must~he~compensated by an increase of secondary fuel.
-In the first case, when the heat load was kept constant at a f:
- boost pressure of l atm., the ‘secondary. 1njection started at
1 atms .boost pressure. "~ The. hourly consumption BM(l) increases
“from left to right in a- stralght Lline. Anh approx1mately L
-parallel line, starting at-a boost pressure of 1.25 .atm., shows
.the hourly consumptlon at knock.3' The curve BM (k) shows that
. = By

the addltlonally 1nJected water-methanol mixture: at 2 atm.f~ﬂﬁ;,
boost pressure gives an increase of 60% ‘in power ‘at a propor--
~tion of Boﬁof the main fuel, . . “The curveségjbl(l and 5: bz(h),
~show the effect of this vatio. on the specific consumptiof. . -
The fifst has & value of 300 g/HP.hr at 1.75 and 330 at 2 atm.
‘boost pressure. . Since-.in flight- “the- exhaust gas is made use
-of in the form of a turbine or the thrust developed. by a jet,
by means of which the supercharger power .or even more. can be
‘provided, the mechanical efficiency of .the unit alone is very
“hieh, if the consumption recorded  in- these ‘tests corresponds.
.approxlmately to the effective consumptioni~ Gonsideration
“of ‘the airscrew efflclency leads to a consumption of the C*;
order of 380 to 420 g/HP.hr. at 2 atm. boost, falling to the -
’normal consumptlon on knncklng at l 25 atm..~,: k :
PR ihe values of external coolant heat Qk and the
internal vaporization heat correspondlng to c¢oolant heat Qv
are given in fig. 5. Plotted against )\ are the indicated
power Qi in keal/hr. corresponding to the load at 1 atm., the
“internal coolant heat corresponding to. the vaporization heat
Qv for the main and secondary fuel, and sum of external end
_ internal coolant heats Qk + Qyy the relationship to 1nd1cated
power Qk * Qv which lles 1n the range 0.4 -~ 0.6 and Whlch W113

i o T

'be d951gnated normal and the ratio of 1nternal to external
‘cooling 0 Qy._ whlch has the value of 0.4 at hlgh hoost
' - k"Qv‘ : : S

“and the weak mlxture )\‘-‘l 2, i.e« about 40p of the 1nterna1
cooling is teken up in the utillzation of the vaporization '
heat. L : ,/, |

. ; Taklng values at /\ = 0 8 1. O and l 2 and plotting

: ‘them in the form of curves gives flg. 6, in. Whlch are given

_.values of Q;,Q v Qv(1), Qv v Q :
LVAIUES oL, »k(l")»'-,j(})f' ; k — ‘Z)\ (the

i



air ratio caleulated: from main '+ ‘subsidisry fuel),; and the . .
exhaust gas températures tapg(1) snd tapg(k), plotted against
boost pressure. - The line Qg(1) = 14100 keal/hr, corresponds,
‘as'has:beeniméntiOnéd;'tb}the,heatglOadfatqlﬁatm;;ﬁrunningqon,&
en clearly that the intermel .=

“the main fuel. It will be s

icqoling;rises;With)ingredéing,ppwergqp,, W
., e test rebults for 1007 methansl, 508 methanol +
~50% water, and 25% methanol-—* 750-water—will be evaluated in 7

_the .seme-way,-and will be given for injection of these segond-

-ary fuels into. the induction pipe (start of -injection 1009 -
A.T.D;G;)<and‘aISOTiﬁfﬁfthéﬂcylinder,ainjwhich caseQbheg;Tﬁf_? AR

~injection is-in-about the middle of the-compression stroke. = . '
While 100% methanol and 75% methanol + 25% water are insensitive-
;In;xhexplaoeﬁof,injeCti045;$he_50L50_miXturg'shoWsjonly’ajsmallw"
difference from the 757 methenol 25% water mixture, whether . -
the mixture is injeeted-into the irduction pipe or into the .

~cylinder;  (the latter gives at the most a slight powsr = o
~decrease, Since the mixture injected in the compression stroke.
“displays no effect of temperature drop due to its latent 777
heat); with increasing water content larger variations are. -
obtained, and it is no longer & question of indifference . = .
-whe ther - the secondary fuel is injected “into’ the. induction

. pipe. or the cylinder. From this the following coneclusion

- may be drawn; with decreasing methanol and increasing water
content the high anti-knock effectiveness of‘methanol'decreases”
-and. with pure water the effect of latent heat alone obtains,

- but on the other hand - the cause might be sought in a faulty
preparation of the seoondary fuel as to the water content,
As fig. 7 shows, (25% methanol r 75% water in induction pipe), -
a difference from the other mixtures.isfnot,apparent}whenuv;;1"
considering By(1). = If the heat loads at the original knock
-conditions at 1.25 atm. arc compared with'those at higher .

~boost pressures, then a falling heat load is obtained with =

- low mothanol content {c'f-ZS Ttk in fig. 7 and the ‘same quantity .
~in fig, 4). The internal cooling must be inereased with =~ : .- -
falling boost pressure, whercas with the more ususl mixtures

- it can be kept constant or even slightly increased on account.
of the high anti-knock propcrty of the sccondary fuel, The

_-original cause must be sought, as has been mentioned above, in

- the decreascd anti-knock properties of the mixture, and in " .
the -difficult control .of the preparation of the mixture on R
account of the. high water content at the above injection ratios.

S .. These consideratinns are confirmed by fig. 8, in
which results obtained for the seme mixture injected in tho-
cylinder are given. As the shapes of the curves show, an:
improvement results. - .0 L s

. The tests with purc water as secondary fuel, shown .

in fig, 9, complete the work,.as'a controlled test of injection

—-in-the-induction pipe with the above liquid~cooled eylinder -

- was practically impossible, despite the camparatively kigh ,
boost air temperature of 1200C. - It was possible 'to carry out
tests with injection in the cylinder. - The above ipjection
ratios gave-a good range of injection during compression, which

- was about 150° B,T.D,C. for thelstart of injection. It was
thus pogsible also to increase theé powef‘with'wateri; of
course, as the figure shows, the necessary quantity of St
injected water increasecs greatly. in spite of the high value .-
-0f the latent heat, which must of /itself cause a reduction in

'ﬁhe'amgnqéﬁofaseQOpda;y_fgelyinjeqted.,_ The.proportibn‘of).; )

|
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internal cooling at knock is relatively very high and. inoreases

greatly, as the curve of /Nty shows, ' The reason must agein
be sought 'in the faulty preparation of the ‘water blend and.in
the=p00rfdistributionfoffwater-vapourjin,the?cumbustion”chgmber.'
whichsprObablyacbols,sone“parts.very;Wellfandgqthersflpssykand v
et full power the distribution in the combustion chember must

:be;appr0ximately;equal;giThis¢unequa17distributipnacantPe;ShOWn
jbyameasurement,of'Sparkalug;bésevtemperatures,;Which»d;fierﬁ
merkedly-from each other and no longer show & fixed relation-.

- ship with water ‘injection. - -The relationship can only be ' .
shown by observation-of the coolant heat. - This.was. 'also the
basis by which”for all the tests the heat lomd was caloulated,
not.frbmﬁthefsPark“plug/témperatures,;butjfrom,theﬁexternal;~ -
‘coolant-heat, T o eeemo ST U e

.. Correspondingly the specific consumption increased to
more than 5OG-g./HP;'hr.ﬁfor.Zuatm;«bOQStTpressure,‘andyit=was g
then 507 higher than the highest value of methanol mixtures.
But it has the property, also displayed by the 75%‘mixture;vk;v
- that-it can searcely be avoided that a portion.of the injected

water reaches the crankcase between the piston and cylinder, = -
mixes with the lubricating o0il, and unfavourably affects the = -
-properties of the oil, . (If the injection and blending ratios
‘forjwaterfare;improved;1and“furthermorefif_theqconditidnijor*
the hot air-cooled motor are not so severs, then water hardly
- eomes into. consideration for practical use in sero-engines on
~account of its freezing point-of 00C.) - TR D
o . Pig.10 shows as an additional evaluetion thé compari-

son of ‘gpecific fuel consumptions of various mixtures with
~injection: in the induction pipe 2% \'= 0.9, = The faint lines
~correspond to the heat load at 1 atm. boost pressure: and working
on main fuel alone; .the heavy lines are knock-limited curves.
_It_shogs that the optimum ratio is 75% methanol. Methanol alone
and 50/ methanol lie somewhat above. - .The 25% methanol blend
~lies very much higher, while water alone was impossible -in
practi{ce. s e e AR ) R sl PR

-

- . - Pig.1l shows the same quentities: with-injection of-
the secondary fuel ‘into the cylinder. ~For the -high valued
‘mixtures. the quantities are about the same, but the values for
§5ﬂ_methanol are lower, and pure water attains a reasonable
figure. . - , R T

- These values for pure methanol to pure water are ' o
~valid-not only for )\ = 0.9, but for a rdnge - of 0,8 to 1.1, -
The optimum lies, between 50 and 759 methanol. = This relation-
ship is easily seen in fig., 12, Plotted against the air ratio
~for a boost pressure of 1391 -atm.: is the hourly fuel con- .
sumption By(1) for the various mixtures, at e heat load corres-
ponding to normal rumning at 1 atm., with injection in’'the
induction pipe.  From these values are derived the total
hourly consumption 3 B = B+ By(1).. and by consideration of
- the powers, gorresponding to the pi’curves, the specific total-
~consumption}, by. The smallest consumption' is attained by
the 75 or 50% mixture. The best range of the mixture ratio -
lies between }i': 0.8 and 1.1; .above that the specific con~
sumption is greater. In practice the range under 0.9 does not _
~g-ome -into. considerstion, since smooth rumming is not obtained, -
The range in which the engine just reached smooth rumning on -
the main fuel is over 0.9, wnd is then limited on weakening the
mixture by addition of;thetsocpndary;quli'_;Withgloo%_methanolf

L6 -



‘the air. ratlo calculated ‘on -the: fuel can be greatly weakened up
to . A;- 4. Pure methanol runnlng without. fuel cannot be achleved
however,,condltloned by ‘the temperature ratio ‘of ‘the. liquid«-r ;
cooled test cylinder. ~ As ‘the fzgure also shows, uslng pure : g
methanol as” secondary fuel increasges .the power. 1n ‘the same: range.
Weakening off is much less possible for 75 and 50% mlxtures, ,
and ig confined- to the normal value for- running on the; main fuel,
alone with the 25% mixture and pure. water.  The. effect .of g
latent heat with 100, 75, and 507 ‘methanol on the: drop: of. 1nlet :
mlxture temperature results in'an increase" -of ‘boost and: ‘hence

pis For 25j me thanol and purs ‘water only a- correspondlng small-
jer effect” ‘of "latent heat at anair temperature of1200C- results »
‘in . a decrease of inlet- temperauure (also the" effect of faulty
blending, as already mentioned, mist be allowed for), S0 that
a corre3pond1ngly lower value of p:L 1s obtalned.\ “'g R

The results glven so far refer to an air temperature Sy
of 1200C, In order to investigate the sen51t1vity, corregpon-
dlna tests weré carried out at boost air temperstures of 40 and
809C, A seation of these tests is ‘given in fig.l13, for,& a1
and a boost pressure of 1. 65 atm. = The hourly fuel- consumptlon o

“the hourly\secondary fuecl consumptlon Byt(x) on the - ‘mixture
r@sponse curve,: the coolant heat,j;tk as‘a- measure ‘of the-heat
load and the ratio Bh(k are plotted agalnst boost alr tempera-;

B f
ture. The tests showgd (not apparent in the figures) that the -
effect of latent heat on the temperature drop of the boost air
was small with falling air temperatures.;v~The—power—was propor-
tional to somewhet less than the first power of the &bgsolute
“temperature of the boost air. It should be noticed that the
ratlo BM(k) falls with falllng B.ALT, ‘BM (k) at kpock ig oo

B

unrelated: to the B A, T. and ;s dependent only on the boost
pressure. - For control of the secondary fuel-at.the knocklng
p01nt boost pressure only is effectlve, but not the B‘A oI

- rlgs. 14 and 15 give a summary ‘of the test results for’
injection into the induction pipe and into the eylinder at a . -
BJA,Ti of 1200C and W = 0.9, The x-axis gives inerease of
.power expressed as a percentage above knock-limited power, and
the y-axis gives the total consumption and the ratio of second— .
ary to main fuel for the mixtures tested. .As has been. shown
previously, the values:are valid up to. about '%;- 1.1, With -
~falling B.A.T., and for constant heat load of the cylinder, the-
prOportlon of secondary fuel first falls, but later increases :

agaln. v o

_ Pressure dlagrams were taken W1th 8 quartz pick-up for

all testst In fig. 16 arc givén mean combustion pressure pgpy
and peak prcssure Pzn, for ecach mixturc, "plotted -against boost
pressure, . In order to be 6f some usc, these points were so
-obtained that at lecast 100 pressure diagrams were used for one -
combugtion pressure curve. From these wcre calculated the mean,
Ppp, and maximum, pzhe  An unequivocal relatlonshlp be tween. the,
combustion prcssure and thec composition of the secondary fuel
:is scarcely determinable. The combustion pressures increase
with inereasing .boost. The scatter shown is normal for spark
ignition. . Perhaps ther¢ is an effect, not apparent in these
figures, in the direcction of & decrease in combustion, pressure
with: 1ncreas1ng 1nternal coollng and decrea51ng hoat load of -

the eyllnder.vg .



~~4' N opp031tlon to +the prev1ous tests results are given
‘in. flg. Ao methgnol mixed with the fuel 1tsel£. :
»con51st1ng of 667 7oy weuhanol and 33, 5‘v gasoline, was: stable-ai
'”he ‘curyes .show’ ‘the’ prcv1ously mentioned éffect of high consump-:
“tion at. low boost: pressures. . On the other hand llght“knock was
encounte ‘even at l 75 atm, - e

: The research reSths glve 8 clear plcture of the Opera-x
~t10n -and possibilities of qouble fuel running by:means of . : p
‘additional injection of water/methanol mixtures. = The- results
T apart from ‘higher oconsumption due to the: 1nsens1tiv1ty of L
‘operation with: mlxtureSJof high methanol content, -are almost -
wholely advantageous. However,~as a-result’ of“work'elsewhere““‘
it 'has been shown that the difference in- corrosion: between,ffz
technical water-freo alcohOl ‘blends-.and other: fuels ean be .
neglected but. that with increase of water. content™ increased
-corrosion._ is.. to.be expecued.l, It will be’ necessary to keep an
eye on. these troublesome e”fects._.'»,hl_wlj e AR
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CONCI.USIONS

(1) oecondary lnaec 1on of methanol/water mlxtures and also S
-of pure water in addition 1o the normal fuel of & spark 1gnition
‘engine make possible an-increase of power, on account of the
effect of ‘the high latent neat on the dinternsl coollng, the . .
upper:. 11m1t of which could #ot be ‘determined. . An increase of. .
857 over the. knock-limited power can:be attalned et & constant
speed by 1norease of boost up to. 2 5 atm., W1thout knock result-~

ing. T L

(2) In partlcular water/methanol mrxtures with more than 50p
“methanol are suited for double fuel operation on account of - ,
_the good freez1ng propertles end -the insen51t1v1ty of operatlon.
~ Pure methanol is . only sl ehtly less sultable.-,, Sy

(5) The ratlo of seconaary to main fuel 1ncreases approx1mate1y
~in-proportion to the power 1ncrease above the origlnal knock
llmlted power.;_ o : : o .

(4) The heat: load of the cyllnder remalns almost constant with |
1ncrease of power on account of the 1nternal coollng.' R ‘

(5) The mechanical stless 1ncrcases on account of - the increase

vpof cOmbustlon pressure,v ‘ __’._ _;_-v h,; ‘r_,k,_.,._ s
(6) The exhaust temperatv e falls W1th 1ncreas1ng power. S

~ The poss1b111t1es of. the use of double-fuol operation
for power ‘increase. of aerc-engines are given in fig, 18, which
.shows a schematic altitude power Giagrziu. - The power limit for -
& normal boosted engine is given by The line 1-2- 3 where the
fall from 2-3 is caused by the impossibility: of increas1ng the
supercharger pressure ratio. - If enough combustion air is
obtainable, the power limit would be 1ncreased %o 2-4.. . By"
additional. water?methenOl injection an 1ncroase is possible at
equal henrt stresg given by the line 11-21-41, - On account of
the: ex1st1np limitations on the engine '(full ,open throttle dnd
nax. per charger speed) an increase given ‘by the Iine
/is-possible on account of the favourable effect of

latent heat of the mcthanol blend on ‘the charge dens1ty.-‘A
further increase w1th 1nnrcas1ng altltuQe 'is possible ‘to



11-211-311 py usin & supplementary supercharger. n. the same
ménner}anfiuqfeas“_inkaltitude“powerﬂisgpbssiblegwit@’mathanol/;
waterﬁbyﬁthethéiof;oxygenQOr oxyg¢h;carriersgin thq;r&pge;aboveﬂ
full power altitude;  the power limited. by heat

8lven by line 2-4

.. Tor the roquirements of the Luftwsffs the desresse i

_pbWéijaBQveyiﬁll'powergaltitude;is;pfﬁdecidediihtéreéﬁifaﬁd*qlsﬁff'
LthejPOWexfincreése'frbmftakeébffftoqull*poWerwaltitudeaﬁfThly=;,‘
_is%toﬁabIargeﬂextent;possible“byﬁthé?use*ofjdpublefiueI

;tpgethercWithiéxyge ,carriarS]brasupplementagx;p;pwepsw
ﬁt@sts_dnfthe(possible5dur&tion?0f“such;power'increasQS*

~carried out on thQ?baSis;of;théjtestfreSults.
S e e e T T T T N O

T yTheiinternaILCOoling,obtained by use of the econdary .
quel-cannot*replace‘the{externaltcoolingqnﬁPItﬂisHinithis;ﬂ}wﬁr
direction that development must proceedjingﬁhe{futnré;;thimprovt
the external chling,;ffAnd;in_the,correSpondingemanngr.that;the,
externaljcooling improves_theninternal*cooling;canqbewreducedung’
or at the same;internal_cOoling_angincredse_Of}p0werﬁcan?be~ﬁ”ﬂf
obtained, . It‘is:plainﬂthat.the;work,islnot'completed; S






