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When wer broks out in 1914, the mean power of the aviation enginmes
at the disposal of the German Air Force was 200 to 120 H.P. on the
ground: The unit weight of these engites, including ths weter and oil
contained in them, was from 1.8 to 2 kg. per H.P. The flying efficiency
attained with such power was supposed to be more than satisfactory, them
being still belisved to be absolute safety at an altitude of 1200 to
1500 m. from shots fired on the ground. At this period, aerial combat
had not yet been thovght of. Even competent authorities gcarcely con-
sidered it credible that the erming of aircraft would ever be a matter
of grave impor%ance. :

It soon became evident, bowever, that ever-increacing demands
would be made on the climbing powers of aircraft, in proportiom to the
progress achieoved by the defensive artillery in the technics of firing.
Not cnly was it requisite that climbing efficiency should reach the
highest possible point; climbing speed would alsc have to be raised
higher and higher in proportion. With this end in view, increased en-
gine power was the first point taken into comsideration. Engines with
150 and 160 H.P. on the ground were congequently obtairad and thers
are many casss, even at the present timwe, in which such engines give
results that may be considered to be satisfactory.

Another difficulty then arose. The increasing number of the dutiee
devolving on the pilot led to a corresponding increass inm the weight
of the load carried by the airplane. We need only mentiun, for instance,
armor consisting of one or more machins-guns with armmnition, bowbs and
boub-dropping devices, photographic apparatus and radic, according to
the functions of the machine in question; and it was essential that good
climbing power and speed should be attained notwithstanding such addi-
tional weight. This led to the msed for still higher engine powers,

* Extract from a leeture given at the Gensral Meeting of the Scientific
Associatien for the Technics of Aviation, at Hamburg, April 19, 1918,
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and engines with 180, .200, 220 and 260 H.P. were produced. The unit

of weight of these engines was reduced, in the cass of those with 100 and
120 H.P,, by 1.5 kg. to 1.8 kg. per H.P. Flying efficiency did not,
however, keep pace with increasing .engine power to the extent gemerally
expected, in 8pite of the effort that was made to construct special air-
craft for each particular purpose and to equip such aircraft for that
purpose alone, so as to reduce its weight and load to the lowest possi-
ble amount.

The ever-increasing demands created by aerial warfare causing the
need for a still higher degree of flying efficiency, it became more and
more evident that the developwent of aviation engines must be carried
out along nmew. lines, and that increased efficiency alons would not
suffice to ensure the desired end, the more so because high-powered en-
gines were incorvenient from a flying viewpdint, by reason ofitheir
heavy weight and great length, which were unfavorable to the turning fac~
ility of aircraft equipped with such engines. Recent efforts in the
construction of aviation engines have been developed along two differ-
ent lines, which may be defined as follows: "Light-weight Construction”
and the "Adeptation of the Aviation Engine to the Requirements of its
Utilization."

In the spring and summer of 1916, the flying efficiency attained ,
through the reduction of the mwmher of revolutions of the propeller used
on the engine from 1400 to about 200 r.p.m., by the Mercedes 220 H.P.
engine was so good that it seemed desireble that all aviation engines
should be equippzad with similar gear. This idea was justified , as pro-
peller efficiency can be corsiderably improved by means of such reduc-
tion gear. It was most effective on the Msrcedes 220 H.P. engine with
its 8 cylinders placed tandem-wise, but it gave rise to so much diffi-
culty on 6-cylinder engines that the expe.riments made on the latter,
with the gear, had to be given up for more urgent tests.

In spite of this, the Aviation Inspection Bepartment still pushed
on the use of reduction gear in Aviation .engine factories. As early as
autumn, 1916, the Department decided uvpon the utilization of high pis-
tor velocity and a high number of revolutions as the standard for geared
engines. Constructional work was then zealously started on all sides
and the 8-cylinder Vee engine, with power from 180 to 240 H.P., was or-
dered at several factories asthe best high-speed engine from the flying
standpoint. The unit weight of this engine, including the water and oil
carried, was established at 1.25 to 1.35 kg. per H.P,, - figures which
can be obtained without difficulty, as has been seen in the case of dif-
fere nt engines of the same oonstructional type now ready for guantity
production.

The enemy had also been pushing :engine development along similar
lines, at a somewhat earlier period. In the winter of 1916-17, the
Fre.nch produced their first Vee high~speed engine at the Front, al-
though it had long been known among German aviation experts. The engims
in question is the 8-cylinder Hispano-~Suiza from which the French, accord-
ing to accounts given by prisoners, expected marvelous achievements.

The early models of this engine were not yet supplied with gear. Their
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H,P, was 140, with 1400 r.p.m., and their unit weight was 1.295 kg. per
H.P., including water and o0il. This engine gives an excellent impression
at the first glance, with regard to its construction. It was also so
exceptionally highly finished that it attracted a good -dsal of attention
in German asronautical circles. Many efforts were mads to ensure the
further production of the engine without other alteration, but this was
not done on account of various weak points in its construction, and be-
cause German high-speed engines had already been in process of con-
struction before the capture of the first of the French engines.

The examination of the above-mentioned engine at the test-bench
(see Fig. 1)gave re markable resulis: To begin with, the engine proved
to. be a distinctly high-speed type, its maximum power being at about
2400 r.p.m. and consequently by no means fully ntilized with 1400 r.p.m.
and 140 H.P, as at the outset. Secondly, however, the engine was found
to have considerables constructive shortcomings. Mention meed only be
mede, for instance, of the defective cooling of the exhaust valve, which
was burnt up each time at the end of 6 or 8 hours, The construction of
the engine was, nevertheless, most instructive and interesting to German
manufacturers, and it scon became accessible to them, as it was captured
in large numbers. The carburetor, which has already been described in
TECHNICAL REPORTS, (Vol. III, No.4, p.1l12) is particularly interesting.

The possibility of constructing high-spesd internal combustion en-
gines depends more upon piston velocity and inertia stresses than upom
the cross-section of the valve. The piston velocity can easily be car-
ried up to 10 and 15 m/sec., engines having already been constructed
successfully with about 17 m/sec. niston velocity, as, for instance, in
the case of the French Despujol racing boat engine. The possibility of
adopting the largest cross-sectional area of gas-passage is, on the other
band, limited, especially if great importance be attached to the advant-
ageous form of the combustion on account of the high piston velocity, so
that the valve must be suspended at the bottom of the chamber. It is
desirable that mean gas velocities of 40 to 60 m/sec. should be obtained
in the fully opened valves. In such cases, when the inlet pipes are
well made and the engins otherwise satisfactorily constructed, a mean
effective presswe of 8 to 9,5 may easily be obtained. The power curve

of a 6-cylinder Penz aviation engine may be taken as an example (see Fig.2)

with 185 nominal H.P, With 1400 r.p.m., this engire produces 197.5 H.P.
normal efficiency at a mean effective pressure of 8.4 and 1150 r.p.m.
with B.75 as maximum value of the mean effective pressure.

A noticeable feature of this engine is that its unit weight, includ-
ing water and oil, is only about 1.36 kg/H.P. with perfect safety in
working, although it is not a so-called high-speed engine. In contrast
to the first high-speed enemy engines produced at the Front, which had
no gear at all and a comparatively low nuwier of revolutions, our 8-
cylinder high-speed Vee engines were all designed with gear from the be-~
ginning. Tests made with the first working models socon showed that the
gear itself caused serious difficulties. It was therefore also decided in
France that the engine should be comstructed without gear for the time
being; and foreipgn high-cpeed engines still show the question of gear to
be by no means satisfactorily sclved, as almost every factory licensed
to construct the Hispano-Suiza has different dimensions for the spur
wheel gear selected for their engines. :



The fact of a utilizable high-speed engine need_ing almost one year
and a helf for its development in our case is in np respsct dus to a
lower productive capacity on the parts of Cerman engins manufacturers,
but is the result of the far higher stendsrd of working sefety re.guired
by us. Not & single foreign engiue has so far been able to stand the 60
hours' duration test which must be passsd by every; German fized engiue
before it is counsidered fit for sarvice at the Front.

The first high-speed engine issved in quantity production in Ger-
many was the Benz 195 H,P, 8~cylinder high-speed Vee ergime with 125 mm.
bore, 140 mm. stroke, and 1700 r.p.m. at the crankshaft, preoducing 225 H.P,

With a view to bringing it to tschnical perfection as soon as possi-
ble, the idea of preducing it only when esquipped with gear has been aban-
doned, as in the case of the Hiepano-Suiza ‘engine, and it has accordirgly
been mounted withou$ gear, in a limited nmumber, on model airplanes, It is
especially suitable for the purpose cn account of its high powsx at 1400
to 1500 r.p.m., as may be seen from the power curve given in Fig. 3.

In the meantime, a rotary gsar with a satisfactory esafety factor
bhas been successfuily constructed for this enginme, its meximvm efficisncy
being increased, at the same time, %to .260 BE.P. The construction of
this gear somewhat resemhles that ¢f the Rolls Royce, which appears to be
the best of all the ensumy goar. The elightly excessive weight of the
structure mey therefore be adopted without hesitation in consideration
of the simplicity of the spur wheel gearing.

Water and oil includsd, the engine weighe about 326 kg., which
corresponds to 1.25 kg. per H.P. Alihough thic is not less than the umit
weight of the 200 H,P, Hispano Sviza enginme with gear, the advantage is
still on the sicde of the Denz engime if we compa~e it %o the total en-
gire plant of a Spad airplans with 200 H,P, Hispano Suiza exrgins, in-
cluding fuel for 1-1/2 hours, and to the equivalent emgine plant of 2
fighting monoplane; and the comparison is even more favorable o the Benz
engins in flights of longer duraticn, on accouat of its low comsuxption
of fusl,

Another high-speed German evgine of good power and weight, and which
hes probably also been iseusd in gnantity preduction by this %ime, ie
ECRTING BROS. ' 8-cylinder High-rpeod Vee engine. Its form is pariicu-
larly pleasing. With 2 150 r.p.m. at the crankshaft, it produces 1855
to 195 H.P. at the shaft of the spwr gear and weighs about 252 kg. with
water and o0il, - that is, about 1,33 kg. per H.P.

scording to statements made at the factory, the goer caused no spec-
ial difficuliy, being in that respect unlike other engines in which even
simple spur gear could not be made to wori perfectly althongh {he dee-
mznds made upon the teeth were generally less than in the case of foreign
enginss.

. The constructive methods of DAIMIER and ARGUS resemble that of ths
KORTING engine. No reports can as yet be given of their results.

The ADLER Works have selected a cylinder system differing from the or-
dinary method, in the comstruction of their high-speed eéngine. In order



to obtain a more compact style of comstruction, two crapkshafts are lo-
cated in one gear box. They rotate in opposite directions, being geared
together by toothed wheels, and they work on four cylinders sach., The
engins works remarkably smoothly and ite power output is 225 H.P, at

the propeller shaft with 2000 to 2100 r.p.m. at the crankshaft. The
propeller runs at 1050 to 1150 r.p.m. The locating of both crankshafts
in one case entails no actual increase in weight, as the united weights
of the crankshafts is only 24 kgs., whereas the Hispano Suiza crankshaft
woighs 21 kg. The unit weight of this engine emounts to about 1.24 kg./
H.P, Gearing difficulties were also originally found in this enginms,
but they were dous away with by a special conetruction of the toothed
wheels.

In addition to the above-nemed factories, the OPERURSEL Works are
also constructing a high-speed engine desigued by Engineer Dr. Becker,
Assistant Professor at the Imperial Technical High School in Berlin,
which shows some novel details. It differs from previously known mod~
els, particularly with regard to the mechanism driving the camshaft;
the inauguration of such mechanism would bring ths maximum power to the
rogion of 2800 r.p.m. The unit weight of the emgife. is alsoc a very
good feature. With 240 normal H.P., relatively equal to 2100 to 2200
r.p.m. at the crankshaft, it weighs 260 kg., that is, only 1.08 kg. per
H.P. This is not dus to the utilization of specially high-class mater-
ial, but is attained solely by the disposition and selection of dimen-
sions of ths engine. The total stross valus is even lowsr than the usu-
al values. No further details can be given, test reports not being
availablse.

In all these 8-cylindsr bigh-speed engines, the greatest importance
is attached to the reduction of their conatructional lemgth. For this
reason, the magustos are usually located in front, over the gearboex,
with a view to utilizing that space, and economizing space in the rear.

Although the 8-cylinder Vee engins may not bs guite equal to the
6-cylinder engine series in equilibrium, the latter series being perfect
in that respect, the inertia forces, which chiefly occur in a horizon-
tal plans, caused no noticeable derangsment with the dimensions selected.
The compensating device which was proposed for the engine was there-
fore dispensed with for woight-saving reasons, without any detriment to
the smooth running of the engine.

Por higher powsrs, the 12 or 10 cylinder Vee engine should certainly
be the given method of comstruction because of the free imertia forces of
the 8-cylinder Vee type. Considering the great importance attached to
facility in turning airplapes, it will be necessary that the engime
should be still further shortemed for combat one~seaters; for this reason,
the B-cylinder ongine has a successor in the fan engine, which is being
experimentally constructed in a three-radii type with 9 cylinders, by
OPEL of Russelsheim. The nsxt step should be from the fan type to the
star engine with a view to obtaining the perfect fixed high-speed engine
for single-seater airplanes. This type also gives promise of future
developments in respect of higher powers. The star engine also has the '



great advantage, now that ghe . amger of aircraft is ever on the increase,
of being armed with the 188st weighv possible.

) The endeavor to obtain a high number of revolutions in connection
with gearing has also been extended to the rotary engine. After having
already brought out a 110 H.P. rotary engins with transmission gear,
SIEMENS & HAISKE lately issusd a 160 H.P. ll-cylinder rotary engims.

?'he reduction of the number of revolutions in the propeller is attainsd
in the latter type by making the crankshaft and cylindsr hlock work in
opposite directions. They both revolve at 900 r.p.m. in opposite direc—
tions, so that the cylinder block attains 1800 r.p.m. as compared to the
crankshaft. This type has the advantage over earlier rotary engines
not only on account of its low unit weight due to high liter power, but
also because the low number of revolutions of the cylinder star dimin-
ishes the unpleasant gyratory motion usually found in powerful rotary
engines, so that the effect isno longer disagreeable. The exceptionally
short climbing time attained by this engize (see Fig. 4) is due mot only
to the transmission device, but also to.other qualities which will be
described later on. e

The effort made to obtain the highest possible power with the low-
est cylinder capacity, that is, with the least possible weight, has also
1led to the bestowal of more attention on the two-cycle stroks. In spite
of the evident advantages it offers, the development of the two~-stroke
cycle system has been neglected in comparison to the 4-stroke cycle en-
gine, chiefly because of the great supply of heat in the cylinder and
the high number of revolutions to be considered , which caused serious
difficulties. The quantity of heat supplied to the cylinder wall and
the piston head at the time of combustion is surprisingly large. Calcu-
lated on the base of the area unit, it is, for instance, ten times as
great as that of the fire-box of a locomotive. This explains the neces-
sity for such a high degree of durability in the cylinder and piston
of many types of engime. In ths two-cycle engine, these difficulties are
even greater, twice as many combustions taking place with the same num-
ber of revolutions, so that twice the amount of calorific heat must be
applied to the same cylindrical dimensions per unit of surface. Prof.
JUNKERS has now developed the portions subjected to the influence of the
hot gases in such a way that those portions can be effectively cooled .
Another difficulty to be encountered is the scavenging of bigh-speed two-
cycle .engines. Mixed scavenging is net successful in most cases.

Pure air scavenging necessitates, on the other hand, the direct injec-
tion of the fuel into the cylinder. The constructive difficulties there-
by entailed have been overcome by JUNKERS' high-pressure fuel pump,

which regulates the quantity of ths mixture.

Prof. JUNKERS' aviation engine is constructed with pistons placed
in opposite directions, as in the case of tho well-known JUNKERS oil-
engines. Two pistons move in opposite directions in one cylinder, the
combustion chamber being enclosed in their inner dead center. Near the
outer dead center, the pistons control ports. in the cylinder wall, through
which fresh combustion air is let in and the consumed gases exhausted.
Several cylinders of this kind lie parallel to one another. All the pis-
tons lying in the same direction drive a common crankshaft. The regular



working of the pistons and the accuracy of their intake and exhaust con-
trol is ensured by coupling the trankshafté by means of spur wheels. The
engine power is supplied through the projected shaft of the middle spur
wheel, on which the propelier is generally fixed. This arrangement has
the additional advantage of enabling the best mumber of revolutions to be
given to the propeller shaft, by alteration of the transmission in the
spur wheels, indepe.ndent of the number of revolutions ¢f. the engine.

The crank gear is disposed in two cases, which fill up the outer lon-
gitudinal side of the wachine. The spur gear is entirely enclosed in a
separate case closely adjoining the charging pump, which is projected to
form a gyratory piston pump for the .admission of fresh air., The pipes
for the inlet of scavenging and charging air and for the outlet of ex-
haust gases also extend over the cylinders, the first-named pipe being
constructed on the case of the charging-pump.

The pistons are equipped with a singular cooling device, The cavity
of the piston is partly filled with heavy 0il fluid which is not renewed
in working and is wiolently dashed backwards and forwards by the motion
~of the piston. The fluid thereby absorbs the heat of the piston head
and discharges it on the cylindrical portion of the piston, which conducts
it into the cooled cylinder jacket.

The efficacy of this piston cooling has been proved by measuraments
teken with thermo-elsments. Fig. 5 shows how.the temperature of the
piston-head gradually rises and attains the inertia condition after 19 min.
This cooling system held good at speeds amounting to 2000 r.p.m. and
also during longer periods of working.

The JUNKERS engine has another peculiarity, namely, that all the
valves that cause great difficulties in high-speed engines with increas-
ing cylinder capacity and thereby limit the working of ths cylinder to
some extent, are avoided' by means of distribution through port-holes.

The valveless method of construgtion thereby makes it possible to
construct reliable light engines with high cylinder power.

The balancing of the masses attained by the disposal of the pistons
in such a manner that they work in opposite directions is of importance
‘with regard to the utilization of the light-weight engine, and it can
8asily be brought to perfection by the requisite disposition of the pis-
tons. Combined with the good conditions under which the cylinder charge
is renewed, it becomes possible, with such favorabls balancing of the
masses, to obtain a high mumber of revolutions and to reduce the unit
woight still furtherr in conssguence. As compared to other two-stroke
engines, the JUNKER has the advantage of being able to attain high mean
pressures and , in consequence, high powers with given dimensions: This
is seconded by the complete scavenging of the cylinders and the high com-
pression of the charge, which can, by reason of the absence of over-
heated portions of the combustion chamber, be admitted to the advance ig-
nition without risk. Another favorable point is the slight loss of hsat
dus to the smallness of the cooling surface of the combustion chamber,



“Bellmath HIRTH is now making tests with an engine that is quite
unique in its way. It is a two-eycle engine, which has no actual scavenge
or charging pump. The exhauet gases are drawn off through the hollow steel
propeller, its peripheral speed being utilized for the production of a
vacuum. This vacuum not only carries off the exhaust gases, but also
simultaneously inducts the fresh charge into the cylinder. The obsta-
cles to be overcome in the case of the engine consisted in the construg-
tion of a suitable steel propeller and in the transmission of the hot
gases from the stationary cylinder to the rotating scrow. Both points
have been cleverly disposed of by HIRTH. Ths cylinders, disposed in
ster form, and the control are fundamentally ‘similar to those of the
JUNKERS engine, excepting that the cylinders are curved around the com-
bustion chamber in such a mamner that the courses of the pistons are par-
allel. The mechanism is so disposed that the pistons first expose the
exhaust orifices and then the intake orifices. The cylinders being ‘
Charged only by the vacuun produced by the peripheral speed of the pro-
peller, it might be concluded that there would be difficulty in starting
the engize. This is not the case, howsver. The screw is simply turned,
at starting, in the direction contrary to the usual oms; a depression
is thereby produced, in the combustion chamber, which enables the com-
bustion mixture to enter through the inlet orifice thersby exposed.

This engine, too, is supposed to run at high speed with gear, with 2400
T.p.m, at the crankshaft. The weight of a 300 to 400 H.P. engine should
amount to 0.75 to 0.8 kg/BP including the water and oil in the engins.
The method of abducting the exhaust gases through the propeller may also
bs applied to 4-cycle enginses. A better degree of admission can be ob-
tained by this means, and higher mean pressure and power are attainable
in consequence.

Although consideradble improvement in flying efficiency may safely
be expscted, on account of the low unit weight of the above-named en-
gines, the light-weight engine is not, in itself, a perfect aviation en-
gine, as the latter would be required to supply consistently uniform
Power up to those altitudes in which the greater part of its existence
is spent. In the case of the aviation engines hitherto constructed,
power always decreases with altitude until, finally, no excess climbing
Power is available for the airplane and the limit of its climbing alti-
tude is thus reached.

The reason for such decrease of power lies, above all, in the de-
Crease of atmospheric pressure with increased altitude. The rotary im-
pulse and the power depend upon the weight of air admitted into the en-
gine, and upon the efficiency of the transformation of fuel energy into
engine energy. If such efficiency were the same for all aviation alti-
tudes, the engine power would actually depend wpon the useful load of the
engine and would follow the course of the atmospheric pressure, With con~
Stant horizontal speed on the part of the airplane, the number of revo-
lutions of the engine would necessarily be the same at all altitudes.

As it is, the rmumber of revolutions decreases more or less with increased
flying altitude. The efficiency of the transformation of the fuel energy
into engine power is thereby necessarily lowered. Until quite recently,
the decrease of power in its proportion to atmospheric pressure was con-
sidered to a sufficiently accurate basis. Recent tests have proved, how-
ever, that the actual decrease of powsr: is considerably greater.



Further details were supplisd by tests made in the vacuun chamber
of the ZEPPELIN aircraft works at Friedrichshafen, as already reported in
Technical Reports, Vol. III, No. 1, p.l1. These tests gave striking proof
of the fact that the power of epgimss does not keep proportiomal pace
with the decrease of atmospheric pressure with increased altitude, and
that fuel consumption increases with increasing altituds. The increase
of fuvel consumption therefore givas the course of the power cuxve.

Eigh altitude tests made with a Daimler, a Maybach and a Benz en-
gine - the results of which were published in Techmnical Reports, Vol. III,
No. 1, p.15 - have shown how the increasing fuel percentage of the mix-
ture affects the transformation of fuel energy into engine powsr. They
also showsd that the working of the engine deteriorated with increasing
altitvde. This leads to the conclusion that in developing altituds en-
gines, the carburetor and, whenever possible, the efficiency of ths trans-
formation of energy should be jmproved, and that the air inlet should
always take placs at the same degree of pressure. The object of the im-
provement of the carburetor would be to supply a mixture of air and fuel
that would remain constant under a.l conditions. In order to be able to
do this, however, it would first of all be necessary to give some expla-
nation of the manner in which the carburetor works. It may be assumed,
as a leading principle, that air and fuel flow uniformly through nozzles
working without friction. This is the case with short nozzles as well
as with tapering nozzles, also with throttle valves with sufficiently
large orifices. When the fluid passes through long narrow grooves and
pipes, such conditions are no longer fulfilled. If special attention
were paid to this point in constructing carburetors, it might at any rate
be possible to ensure only a slight decreass in the number of revolu-
tions of the engine at altitudes, such as is unavoidable on account of

tho light cporating lcad.

So far as the improvement in the transformation efficiency of fuel
energy into engine power is concerned, such efficiency largely depends
upon the thermal efficiency. The latter rises with the compression, -
that is, with the proportional cylinder volume of the engine + the voluxs
of the compression chamber, as compared to the volume of the compression
chamber. The compression ratio is, however, limited by the final temper-
ature of compression and the temperature of the cylinder, if spontaneous
combustion is to be avoided. For separate methods of engime construc-
tion, this limit depends upon the disposition of the cooling-water pipes
and more particularly still vpon the cooling of the ignition sparks.

These considerations entail the raising of the ratio of compression
from normal 4.6 - 4.9 to 5.8 - 6.6, and to the introduction of the so-
called over-compression engines. With such high-ratio of compression,
spontaneous combustion occurs even below 2000 m., so that the engines must
be throttled up to that altitude in order that they may not be worked
at maximum power and that their temperature may be reduced.

In comparison with engines with normal compression, these engines
attained considerably better climbing time. The first of the type was
the Maybach 260 H.P, engine. Its success led to the subsequsnt construc-
tion of other engines for over-compression. Conclusive tests were made
on several Benz 200 H.P, sengines with regard to the effect of various
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ratios of compression (ses Figs. 6 to 9). In Figs. 7 and 9, a comparison
is drawn between the registered increase of the mean pressure APm

relative to the mean pressure Png» the ratio of compression being €5=5

and the jncrease theoretically calculated by raising the ratic of com-
bression by means of the formula:

k-1 k-1

LBy €s mias AR
pms - I- € k-1

The result of this test is remarkable by reason of the fact that
the maximum mean pressure increases when the number of revolutions iu-
creases (see Fig. 8). It may therefore be concluded that increased
COMPRESSION RATIO is particularly propitious in the case of high-speed
engines. The increase in the rapidity of consumption is also dus to the
fact that the mean effective pressure actvally increases, with higher
cowpression ratics, more than might be expected from the theoretical
standpoint. Ia Fig. 10, the power, turning moments and fusl consumption
of the Benz 200 E.P. engina, No. 32524, are shown with different com-
pression ratios in terms of the number of revolutions. They show that
the engine gives bad results with the maximum compression ratio 6, snuch
results being due to spontansous combustion end aiveady cignalled by the
variable running of the engime and excessive fuel consumption,

Even the adoption of Super-compression in connection with carburetors
constructed for high altitudes does not finally sevile the question of
the adaptation of the aviation engine to its working requirements. An
effort must be made to prevent any loss of power at all vp to the custom-
ary flying altitudes. Thore are two ways in which this might be done,
and which amoun® to practically the same thing: by inducting fresh air
into the engine at constant pressure, - that is, at grouzd level pressure -
or at the pressure prevailing at the altitudes up to which the power is
to remain invariable. The first method entails the construction of a pre-
iiminary compressor in the form of a turho or positive blower; the second
entails the construction of an engine in which the cylinder dimensions
are proportionally too large for the gear, and with its power theotiled
dovn %0 its nowiral H,P, up to a certain altitude. This type of engine may

be called "over-sized", or said to have dimensions specially adapted to
high altitudes.

Preliminary compressors for aviation engines, in the form of turbo~
compressors, awe either being comstructed or being tested in different:
places., The furthest advanced is that of BROWN, BOVERY & CO., who have
constructed an installation for giant airplanes of 1000 to 1100 total H.P.,
at the request of the Board of Directors of the Air Service. The compressor
Wwas driven by a special Mercedes 130 H.P, engine of such dimensions that
the total power of the installation remains constant wp to an altitude of
about 5000 m. Complete tests were carried out with rega>d to the combined
working of a Mercedes 260 H.,P. aviation engine and a preliminacy compressor,
in the vacuun chamber of the ZEPPELIN Airship Works at Friedrichshafen, and
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it was proved that the desired end could be perfectly well attained.
Flying tests made since that time have also proved the utility of the in-

stallation.

About the time that the Administration of the Air Service entsred
into negotiations with BOVERI, BEROWN & CO. concerning preliminary com-
presscrs for aviation engines, SCHWADE & CO., of Erfurth, brought out de-
signs for a turbo-compressor to be directly coupled with a Mercedes 260
HP engine, and it has since been tested at the test-bench. The blower is
worked from the rear end of the crankshaft, by means of centrifugal
coupling, with 10000 to 110CO r.p.m, Such high wheel velocity is requi-
site in order to obtain the highest possible peripheral spesd and to re-
duce, in consequence, the number of wheels; considering the slight quan-
tity of air exhausted by the compresscr, small wheel diameters must be
selected to obtain wheels of the necessary practical size. The quantity
of air sypplied by the compressor is such that the engine power remains
constant until an altitude of 3500 to 4000 m. has been attained. It was
not considered advisable to proceed farther at the time, as it would have
necessitated the use of propsllers with adjustable blades in order te ob-
tain the full benefit of the improvement, and it was not yet known if they
could be successfully applied. In the case in question, propellers of
larger pitch were to be used, running at low wheel velocity on the ground
but gaining such a high torque that the engine should be as fully charged
as at 1400 r.p.m. It is intendsd that the engine should be correspondingly
overloaded by the super-compressor. The wheel velocity should increase
with increased altitude and should attain 1500 to 1550 r.p.m. at the al-
titude at which the power remains constant. The advisability of such an
overload depends entirsly upon the strength and pressure of the surfaces
or upon the frictional energy of ths gear, by which the temperatures of
combustion are not affected, The proof of the possibility of such over-
loading has been furnished by tests since carried out at different places.
The SCHWADE blower was instaelled on an AEG-G-airplane for testing in the
air. It is unfortunate that the machire was lost in a flying accident
which was in no respect dus to the location of the blower.

With a view to avoiding oscillations that might arise at the rear
end of the crankshaft, in driving high-speed blowers, and which might
threaten to cause the utility of the whole installation to be doubted
under certain conditions, a blower of equally high power was simultane-
ously ordered at the SYEMEINS-SCHUCKERT Works, to be driven by the screw
end of the crankshaft. Tests made since that time with the SCHWADE bLlower
show that it is evidently possible to aveid the influsnce of oscillation

on the gear in using hand-coupling or coupling by centrifugal force, al-
though the oscillation itself will not be done away with.

As in the case of fixed engines, tests are also made with turbo-com-
Pressors on rotary engines.

In order that the carburetor may be subjected to conditions similar
to those of the sea level in the combined working of compressor and engine,
the float chamber must be placed wnder blast pressure. When the gasoline

- 1s supplied under pressure, the tank is subjected to the pressure of the

compressor as well as to the usual pressure of 0.25 to 0.3. It is prefera-
ble, however, that the tanks should not be subjected to presswre and that
the gasoline should be supplied by means of pumps.
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Fig. 11 shows the powsr absorbed by the above-mentionsd turbo-
compressor. In order to maintain constant engine power up to an alti-
tude of 6000 m., 8.8% of the engine power was required. Being relatively
small, that quantity can be taken from the engine without any difficulty,
by means of overloading, Consideration must alsc be given to the fact
that an increase of power at 6000 m. is added to the engime power on
the ground hecause the engine only exhausis at an atmosphere of about
0.5, while it becomes charged at a pressure of 0.5, that is, during the
time that the suction stroke acts as a compression engine. If, therefore,
the pressurs in front of the carburstor is to remain constant until high
altitudes are reached, by preliminary compression, the engine power
must not merely remain constant but must aiso increase. This bas been
positively proved by the results of tests carried out in the vacuun
chamber at the ZEPPELIN Works at Frisdrichshafen.

Over-sized sugines prove to be more simply adjusted than those with
preliminary compressors. All complementary building parts are unneces-
sary with the exception of a regulating device to be installed in front
of the carbuwretor. There can be no doubt but that this sungine will
come® to the fore in the fufure, although the preliminary compressor may
have the prefersuce for its comparatively high power at altitudes of 6000
and 7000 m. At the present early stage of development, it cannot yst be
definitely stated at what altitude the preliminary compressor has the
advantage as regards weight. Up to 4000 m., however, the over-sized
engine is certainly preferable in respect of weight and conmstructor.

The circumference of the cylinder sircke naturally increases with alti-
tude in the case of the over-sized engine, until the altituds is attained
at which the power is to remain constant (see Fig. 12).

In this figure, the nscessary increase of volume of stroke is shown
without the possibility of any additional super-compression being taken
into consideration. If super-compression is employed at the same tims,
the volume of the strokes is materially diminished. BEslow 4000 m., the
increase of weight through increased stroks volume, and ths lengthening
of the total construction thereby nmecessitated, would appear to exceed
the weight of a preliminary compressor. The quastion cannot, bowever,
be detesrmined by considsring the weight aloms. For the present, greater
safoty in working and more convenient inbuilding may rather be expected
of the over-sized engine than of the engine with preliminary compressor,
as the latter reguires to be driven with highly sensitive spur gear with
high tooth velocities.

The Maybach engine was not only the first super-compressed engine,
but also the first over-sized engine, although its over=-size was not so
highly developed as in more recent types. The BAVARIAN ENGINE WORKS, Ltd.,
went a step further with their 185 H.P. It resembles the Mercedes 160
H.P. engine in weight and constructive parts, and its dimensions are such
that its power remains constant up to almost 3000 m. The high degres of
compression of this engine is remarkable. It attains 6.7 without the
creation of any difficulties. This fact is probably to be ascribed to
skillful induction of the cooling water into ths cylinder-head. The
SIEMENS and GOEEEL engines are examples of over-sized rotary engimes. It
was Professor JUNKERS who first recognized the advantages offered by
over-sizing and obtained a patent for the sams.*

* D.R.P. No. 300007.
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Enginss with prelimingry compressers and over-sized engines reguire
constant regulation of the pressure in fromt of the carburetor whilse
climbing. For engines with preliminary compressors, the inlet air #r ...
in the case of turbo~compressors, the air forced into ths carburetor,
can be throttled down or allowsd to escape through a pressure-valve. In
over-sized engines, the inlet piping must be eQuipped with a throttling
device which so regulates the pressure in front of the carburetor that it
always corresponds to the pressure of the altitude at which the power
is to remain constant. It may be dome by hand, according to readings of
the altimeter, or it may be regulated automatically. The latter method
is preferable in so far that there is then no risk of damage to the engine,
at low altitufles, by inexpert handling.

These automatic regulators are constructed like barometric installa-
tions. Figs. 13 and 14 show a utilizable plan of the LORENZ type of pro-
peller, which consists of an unloaded double-seated valve. It is worked
by means of a caoutchouc membrane filled with air at the pressure prevail-
ing at the altituds in quostion. This membrane is placed in the space in
front of the carburetor, in which the pressure is to remain cometant. As
equilibrium always prevails while the gear is in action, there is similar
bressure on both sides of the membrans, inside and outside, and conse-
Quently no stress is brought to bear upen it.

In the same way that the float case of the carburetor must be con-
nected with the pressure chamber of the blower in the case of engines
with preliminary compressors, so must the float case be commected with
the space in front of the carburetor whem the engine is an over-sized ons.
In the same manmsr, over-sized emgines may be overloaded at the start,
for a short time. If over-sized engines are also over-compressed, the
overload can evidently only be carried to such a point as is compatible
with safety from spontensous combustion.

The construction of variable pitch propellers goes hand in hand with
the development of altitude engines. Here, too, satisfactory progress
has recently been made. A design has been furnished by Prof. REISSNER
in which the pitch is regulated by hand and which has been shown to be .util-
izable when tested with overloading. The LORENZ PROPELLER type gives an
automatic variable pitch propeller, in which a caoutchouc membrane in-
flated with air at 1° absolute temperature causes the pitch variation
corresponding to the given altitude. This type of barometrical device
bas the advantage of enabling the requisits regulating power to be easily
obtained by the relative dimensions of the membrane. To keep this power
as low as possible, the axis of rotation is placed as nearly as possible
in the center of pressure.Fluttaring af the hlades is prevented by an
oil cataract.

The firm of GARUDA has also taken wp the conmstruction of variable
pitch propellers and has a most interesting improvement now in hand, the
pitch being so adjusted, by means of a centrifugal force regulator and a
fore-coupled hydraulic Servo-engine, that the mumber of revolutions remains
constant. The constructive system is extremely clear and summary. Such
variable pitch propellers should be an acquisition on normal engines, as
they ronder it possible to fly with a normal number of revolutions during
the climb and thus to utilize the engine power to its full capacity. In
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time of war, the speed of the airplane can be accelerated by compression
at the moment of danger just as well as at present, in spite of the con-
stant, number of revolutions, the propeller being simply automatically
adjusted for larger pitch.

SUMMARY.

The development of aviation engine construction during the War will
be fully described later on, the progressive adaptation of the aviation
engine te the demends brought to bear upon it being especially pointed
out as the main object to be attained by such development. The means
available for that purpose will be stated and the results so far obtained
will be discussed. In conclusion, reference will be made to the influsnce
of engine construction on the development of the propeller.
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