E.) Fuels and their Properties.

mhe'use of hydrogen as a special fuel was
congidered 48 both from theoretical aspects and
from the resulte obtained using a single cylin-
der, external ighitigi eide'valve, stetionary
engine. The engine was operated under pressure
charge beoause of the high output attainable by
this method. Even with high compression end ,
pressures the combﬁstien in the engine tended to
be'irregular;'especially with very lean mixtures.
Except for greater combustion speeds, however,
the behaviour of the hydregen motor did"hot de-
viate from that of other gas motors. In contrast

to results obtained in “bomb tests, flame speeds ‘

(TS

in the hydrogen motor were not greatly in excess
‘of those of 1iquid fuels. Ignition limits were
found to be similar to those cbserved in bomb




tests. Self ignition was never observed and the

combustlon over a wide range of mixture strength
was found insensitive to ignition adjustment.
Output was limited~by Imock, and the highest out-
put was obtained with mixtureé 20 % richer than
stoichiometric. Comparing the results with other
engine methodé, the output of the hydrogen motor
was seen to be‘iﬁ the range of the diesel engine.
Whére container weight is not important, as in
locomqtive traction or'stationary engines, it

was considereé that hydrogen would be a suitable
fuel. In respect to thermal properties and ecdno-
my, hydrngen could be rated equally with ordi-
nary fuels. ,

The problems involved in'k'noék'tesfting of |
gaséous.motor'fﬁels were discussed by Ruess 93;.
ﬁe gave values for the octane numbers of various
gases’ as shown in Table 1 of the appendix.

As regards liquid fuels, the knock beha-
viour of a large number of alkyl benzols was re-
ported by the I.G. Farben, Ludw1gshafen 85 In
Tables 2A and 23 of the appendlx_are presentéd
. theimotér octane ?umbers of these compounds

(diluted with Eichbemzin I.G. 10 in the pro-
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portion 50 : 50 Vol % and with the addition Qf'
0.15 Vol % T.E.L.) and their superchargeability,
as determined in the BMW 132 cylinder by the
D.V.L;‘samplified procedure. These results wéie

summarised as follows :-

1) Oof the alkyl benzols treated with & sulphuric :

acid<zmabst the iso compounds show a better

knock behaviour than the normgl.compounds, but

the contrary is true in treatment with an aluninium
chloride.catalyst. o

2) In the series monoj diy tri-and tetra-

- othyl benzol the diethyl benzol éhows the most

favourable knock behav1our. In the propyl sub-

stitution the highest Knock reslstance is shown
by tripropyl bemzol i e. superchargeability in-
creases from mono over at to tripropyl benzol,

but is much smaller with tetrapropyl benzol.-

3) With the exception of ethyl end propyl
benzol, the knock behaviour in alkyl benzols de-
teriorates with inoreasing carbon atom number
and boiling temperature.

It should be emphasised thét these results .
-do not refer to pure compouhds, (see boiling |

rahge) and should, therefore,‘be‘considered with

I e
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ca:ut ion.

The above results do not appear to be in -

accord with the statement by Philippovich 5% that

in the cases erxammed, gupercharging could be in=-
creacsed as the xi\imber end length of sideachp.ins-
of the benzene nucleus increased; and that of
two highly aromatic fuels, the one containing
aromatic compounds of hiéhér boiling point could.
be used for greater supercharging. IR
Data Onv hydrocar‘bons and other compounds |
used as fuels and fuel components were given in
another report f:;'pn I.G. 9 This data was pre—-
sented in the :éom of ‘I:'a'bles a.cc-ording to0 sub-
stance cleses and not ehemical strunturo. Prom

these tables and other sources 36,51,53, 90

were
ob'ca.inad the octane mmbers of the large number.
of compounds givan in Ta.ble 3 of the aypmdiz.

'Thré‘o grades of aviation gasoline were.

‘}uned by the Germém'- A3. Ior training purposes,
3& for nornal opozstidnnl uso, and C3 for air-

., craft having high duty engines. The spocifiou-
'b:!.m for these fusls, 8s given in BIOS

,nsport No. 119, are reproaneod in Tables 5 and

6 01’ the appondix. An with &11 +he other fuel
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specifications given, these show a.relaxation in
some of the requirements compared with the spe-
cifications laid down earlier in the war. It
'should be noted, however, that the octane number
Tequirements were never relaxed.

- For completeness, .the specificationvfor gas
turbine fuel J-2 is also reproduced - Table 10;
It~has $een reported 9 that kerosine complying
~ with this specification was onl&.aécepted as a
 gas turbine fuel because of the shﬁitage.of gaso-
‘line. -

In Teble 7 is showh the specification for |
‘motor gasoline use& in military vehicles.
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3. COMBUSTION IN DIESEL ENGINES.

The diesal engine was used for general asuto-
motive and marine (mainiy‘submaiine) propuisibn,
and only to & small extent for aviation pur-
.poses, Work on diesel fuels was directed mainiy‘«
to an improvement of their‘starting qualities,
and to the development of alternative fuels as

supply of the normal fuels diminished.

A) General Theory and Practice.

The efficiency of an engine in relation to
the ideal engine was discussed by Iist *I.
Idealised curves for the coﬁbustion laﬁs needed
for the dlfferent types of diesel englne cycle
were given, ta.king :Lnto account va.:riatlon in con-
pression ratio, limlting maximum pressure and li-
miting maximum preasure rige. For a constant
'maximum pressure the mean pressure of the
cycle pas shown to depend strongly on the com-
bﬁstion law. The consideréﬁions showed that for
greater efficiency a.better}control of cdmbuﬁthxx
must be attained, so as to give diagrams with a

small pressure rise in relation to the com-

'pression ‘end’ pressure. Bearings must also be im-
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proved to permit the use of higher nax:l.xnn cylin-
dexr pressures '
Tests were made in a single cylinder engine
using direct inj ection, prechamber, turbulence.

 chamber and air storage chambeér. The combustion

law for each process was determined by accurate

- engine indication and ‘careful fuel and air con-

imjptieﬁ measurements. It was shown that high
initial combustion speeds which decreased during

the course of combustion worc not dosirablo-

‘also, further knowledge o:r the processes oocnu'-

r:l.né betwogn injection and ignition were re-
quired to allow for adequate control during this
part of the cyole - ocombustion after ignitien
already being well cemtrollable.

_ Combustion chamber design, in contrast to

‘that in Britain, tended towards the use of air

storage chambers. Several engine and bomb in-

: vestigitions‘-‘ of the conbutikm process have

» . been made using this type ot chnlbor.

*

Petersen 52, using & doublo uir atorago

~ chamber ﬁ.tted to a bomb, -tudiod i’lano nomant :

(with air nomct ) by h:l.gh SF“G photegra.phy

: Ho :tm_d that vllight_:_l.y vlutc m'm.ton of M,,
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eqpivalent~to half load, resﬁlted‘in.the greater
part of the fuel remaining in the main chamber

near the firat throttle point, although a small
proportion reached the fiist storage chamber
where ignition occurred. The flame raced along

. the fuel layers before the first throttle paint,

throwing it in the direction of the injection
nozzle. From there, combustion épread laféfdlly
and filled the main chamber. It was found that.
there were two main courses of combustion. Whem
injection ook place after the meximum inflowing
air speed, the second storage chamber took little
part in the combustion, since the bulk of tb€7 
fuel remained in the main chamber. When the fuel
was injected earlier, however, the strong air
strqaﬁ carried it into the second storage cham-
bex, and then the»main dhamber played only &
smqll part in the combustion since little fuel
was,bmought.back into it. In this latter case
soot formation ocanrred in the second storage

chgmber. Between these'tﬁo injaction extremes, there

' was a favoursble renge, dependent upon the fuel

quality. It was found that the injection nozzle
needed to be mp wider than that necessary to
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‘bring the fuel into contact with an adequate
‘supply of ailr. Increase of the angle of spray caused a
drop in combustion'speéd, because the effect of
‘ oadh‘burninglfual droplot.onvite surrounding
droplets became less the greater the distance be-
tween'them. .
In engineAexpériments, the combustion
- course iaﬁ*folléwéa‘by“tﬁé”ﬁSQ of ionisation
methods to determine flame travel, and by

‘pressure piqkdups. The latter were usually of
the piezo-electric type, waich the Germans fa-
voured rather than tﬁe capééity type.

- Tests were made by Dreyhaupt 8 on an en-
gine with a Lanova air-cell combustion chamber.
With this engine at full load, ignition ocourred
- only after the complete fuel charge was injected,
and & smooth pressure riso ocourred in the main -
chember, thus eliminating "diesel kmock". The o
. fuel spray angle was fairly critical on this en-
gine, end alteration from 6° to either 4° or 8° '
was detrimental to the combustion. |

64 on a Deutz

 Experiments were also made
prechamber engine, gas samples being taken from

the points at which pressure and flame ionisa-
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tion measurements were made. Although there
should have been ample air aiailablevin the pre;
oh&mber,,comhustion was actually found to ocour
under a great air deficiency. This led to soot
formation in the prechamber at the commencement
of combustion. The flame spread very quickly in-
to the main chamber because of the high pressure
developed in the prechamber.—This‘engine was
very insemnsitive to the ignition quality of the
fuel and gévé an almost constant delay period

under all conditions.

B) Modifications in Engine Design

and Operation.

An important development was the intro-

duction of the'recycle diesel engine for under-

water submarine operations. Its ultimate aim was
to enable the engind to be operated either en-

tirely on oxygen supplied from high pressuro

éylinéérs, or under "Schnorkel® conditions in
which a limited supply of air was drawn through
a pipe from the ocean surface.’ A twenty cylin-
der Krupp Germaniawerft engine was run.on this

102

principle « Its superchargers were removed




86
to reduce excessive exhaust temperatures, and
an inlet temperature of’ approximately 100°C was
used. Exhaust back pressures reached 20 p.s.i.,
and intake suction 1.4 p.s.i.

In German aero engines, ‘considerable diffi—
culty was experienced by failure of the spsrk
ignition system at high altitudes. Trouble with
the ignition also arose becsuse of excessive
plug fouling with‘high octans, lead containing
fuels;'An‘attempt was ‘made to overcome,these
difficulties by the use of e low tension igni-
tion system operating at about four hundred
volte 77, Later,-hoﬁever,'investigations centred
- on the use of the "Ring" process. This process
hsd the additional advantage that it made fea-

sible the use of high boiling point safety fuels.
The work on the 'Ring" process has been sunme-
rieed by O'Farrel in BIOS Report No. 1609, which
also contains an extensive bibliography on the
subject.

In the "Ring' process, ignition was produced
by spre.ying a liquid into the combustion chamber,
'at the appropriate moment in the compression

. stroke. This 1iquid spontaneously ignited at the
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cylinder tempersture, thus igniting the main
fuel charge. Diglycol diethyl ether and 1,4 bu-
~ tandiol diethyl ether were found particularly
suitable as ignition fuels. The former, which
hed & cetane number of 188, was mamufactured in

quantity and was also used as & diesel sta.rting

-fuel. The mechanism of the self ignition of this

fuel was thought to be a rapid disintegration of
the moie@e under ‘the action of heaf. This Te-
action, bein_g exothermic, produced a rapid te'n.a-‘
perature rige oaﬁsimg thé products of the de-

composition to ignite.

Operation of the "Ring" prvocess‘cou;d be

made at a compression ratio of 7 : 1, but in

practice, a ratio of 8 : 1 was normally used. |
For weak mixture operation the optimum ignition

- fuel (R-fuel) quantity increased slightly,whilst

with overrich m:l.xtu:es the performance deterio-

‘rated because of longer ignition delays. In

practice, the timing of" the R—fluid ;Lnjection

was not too critical, and was usually kept con-

stant.' ) ‘ . | _
Cylinder head temperatures were conside-

rably lower with R-fluid injection than with
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spari: ':lgnition-, although no appreciable diffe-
rence in exhaust temperature was observed. If
the oper&fin,g temperature was too low, ignition
difficulties, 'arose. In this respect a great im-
provement was obtained when the R-fluid was .in-’
Jected on to thé hot exhsust valve. This in-
creased fhe fuel consumptién, which, however,
was vstill an :lmfrovement on that obtained using
spark ignitionm. | | /
| Compared with the .' spark ignifién process,
the maximum power output, when using R-fuel, wes
approximately the same at rich mixtures, but -was
considerably improved at weak mixtures. Although
.~ at high Qompres_bion ratios knock was considgi'ab-
1y reduced because of ‘the 'mulfipoint ignition '.of
the mixture by the R~fluid, ‘at the compression
ratios normally used $here was little improve-
ment over the usual method of engine operationm.
 With the "Ring" process, starting was diffie
cult, snd sometimes necessitated an auxiliary
spark ignition system. The other disadvantages
were the cost of the injeotion equipment, even
when using "pumpless” injection 109 4 the B-
fluid, and the necessity for careful coolant
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control. |

Prol:l.i:l.nary experiments were made 14 4o in-

vestigate the possibility of self ignitiom ope-
ration of mixture compression engines. Such a

process would reduce tho outlay on accessories

" in high speed multi-cylinder engines of small

capaeity, and might make possible the ut:llisa-
t:l.cm of low bo:l.l:lng, low mti-knook fuels.

The experiments were made in a single oy-
linder, eir cooled, spark ignition engine of
200 oc. capuo:l.ty!and in & 700 oc. water-cooled,
s:l.ngle cylinder diesel engine. A fuel blend of

60 % of low boiling, primary guol:lno of octno

mmber 50, and 40 % of RCH diesel fuel ‘of oo-
tane number -80 was found to give the most fa-
vourable comditioms for self igmitiocn operatiem.
At first, however, knock-free operation was not
attained, |

fﬁe knock dould not be suppressed by addi-
tives, w:lthout adversely affecting the ignita-
b:l.lity, Aﬁcnptg to. suppru,u: thé knock by alte-

ril.ng the combustion chgmbor design were also in-
effective. It was found, however, that for very

rich and very weak mirtures (air;fuel weight -
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_Tatios of 8 - 10 and 25 - 28 respectively) knodk-

free self ignition could be obtained. This phe-
‘nomencn was ettributed to a reduction in the
combustion velocity, Indicator diagrams showed
that the pressure riée ocourred fairly smoothly,
8 few degrees after T.D.C. The flame in fhoi :
hock—froev-' region was a faint blue, in con-
trast to the bright white flame appearing with
hoéh ' . |
 Starting from cold required the use of
additives, preheating or a glow plug. Power and

consumption in the knock-free lean region.corres-

ponded approximately to those of the automotive

diesel engine.
It was oconcluded, however, that for-pra’.c-'
tical self ignition operation,the lean mixture

knock-free region had first to be extended. Also

the developmént of a precise instrument for con~
trol of the air;fuel ratio was ‘essox;tiala “

 Other modifications made have mainly been
‘4in detgilp. Thus M.A.N,, on their two-stroke
double acting engine injected lubricating oil
through & nozzle on to the cylinder walls. This
wis all oousumed, snd it was olaimed 26 that
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both wear and fuel.consumption were greatly re-

duced. Jmkei's 96, in their oprpoqad piston aero
diesel engine, had pistons made in three sectioms,
the one being a steel orown that rhn at 1300°F.
Four through bolts, with heavy springs to take
up expansion, held it together.. Klckner-Eum-
boldt-Deuts 102 yore developing a 16 cylinder
diesel aero engine,; -In this, opon.cenbnstion'
chambers were used, with six or eight hole

fuel injection nozzles. The fuel injection time
at.2000 r.p.m. was shortened from 50° to 30°.
To prevent ring sticking the top p{l.ston ring,

(a composite _typq) had its upper half made in

two separate segments.



