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High performance power plants
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By Helmut Schelp

A. Introduction

All lines of thoughts, considerations, and analysisicrease flight performance, or to say
in a more generalised way, to achieve air sup¢yidaads ultimately to placing special
attention on power plants for aircraft and missildsrein, there exists a certain interaction,
which on the other hand only allows a starting p&iom the present know-how of power
plants to be able to continuously create betterait.

A key prominence goes to research and developrhahatdresses the subject matter of
power plants. The awareness of this demands arcarteount of fortitude, to see far into the
future in order to perceive the ultimate goal anglbt a clear path for achieving this goal.

During this process of research and developmeisthiécessary to establish way-points
from time-to-time, for assessing the data thuokained and to incorporate the results into
the overall effort.

Currently, there are three major constituents askedged, which outline this state-of-
the-art technology.

The piston engine

This group encompasses the entire first part ateon history, from the very beginning,
which used a modified automobile motor, up to téslagvere demands on flight
performances, which can only be increased furthecanomically or with an unjustifiably
great effort.

Jet engine

This second realm of aircraft power plants musthieesolution to all subsonic
aeronautics. It is the field of application for fleéengine.

Page 4The limits of flight performance with this type pbwer plant may be defined
with the following specifications:

Speed : Critical sped
Altitude : Up to 20 km
Range : Upto 15,000 km

The Rocket engine

The main utilization of rocket engines as powentddor aircraft will be for supersonic
speeds at very great heights. Since this thirdnmedltechnological development is yet
inaccessible, no set goals of its limitations maysbt. However, one must take into
consideration that the questions of engine devetopirmay be easier to answer than the
guestions of aerodynamics and flight mechanics.

! Critical speed means supersonic speed



B. The Piston Engine

In review of the current state of development ef piiston engine, it is recognisable that
no further ground-breaking improvements may bealizad. It is clear from the latest round
of strategy for enhancement of this type of engfira the limits for this power plant have
been reached. It is necessary to shift the maj@hesis for research and development to the
jet engine.

In such a cornerstone of technological developroépbwer plants, which may be
viewed to be equal to a revolution, it is necessamgview the past developments to identify
a trend of advancement.

In view of the growing demands for increasing ftigerformances, it was necessary to
build more powerful engines. In addition to improants of combustion and the use of better
fuels, it was possible to increase cylinder perfamoes, and thus power plants were built with
increased numbers of cylinders. With the growindarstanding of engine thermodynamics
and the internal workings of the power plants,asvwpossible to decrease fuel consumption
and the weight of the engine at the same time.dEmeands for more power was made
possible by increasing intake air pressure by #eeaf mechanical superchargers or exhaust
turbochargers.

Since time is an important factor during an engieeelopment phase, liquid cooled
engines were given priority, but without neglectthg air cooled motorPage 5Germany is
fifteen years behind in experience with air-cocdedine development, and the goal could be
reached more quickly if the question of coolinglddae answered on a parallel basis. Wide-
ranging knowledge of air cooling was not yet adég@mough to allow an understanding
where the limitations are to be set in regard t@wgroout-put and obtainable altitude.

This procedure was needed to guarantee a smooghogevent process for the individual
aircraft manufacturers. It is self-evident that stoactional elements of established and
proven components should be used whenever possggecially in regard to existing aircraft
types. Even the decision to choose a different fofengine for an existing type of plane
may have significant consequences.

The whole technical development phase may be ciesised by the following aspects:

1. Piston engines were developed.

2. They were rated by horsepower for the crankshaftgp@ut-put, by fuel consumption

per hp, weight per hp.

Such engines were thus, as the need dictated poiaied into engine nacelles of the
aircraft to complete their development into aircpdwer plants.

The fundamental concepts of the engine builders;wbuilt and designed motors with
this basic knowledge, were irrefutable as longcisad requirements were met.

When reaching higher air speeds, were the higltitglair-stream nears the speed of
sound, specific aspects become evident that dechetaded studies.

This situation has been recognized in time by @ @priate authorities in Germany. In
retrospect, the newly laid-out and innovative eegilevelopment program, initiated by the
RLM in 1938, must give the entire power plant reskea new face.

It had become imperative to be aware that the agbrof properly recognized solutions
is to be accomplished in a step-by-step mannerpbked requirements could be answered
only if the problems with the gas turbines are sdlwvhereby it was known that such a
solution is not to be accomplished by stationanyima building with its low requirements.
With this awareness, no conclusive solution wagsbwith the construction of the first jet
engines; they were merely to provide a base of kedge and experience for all future engine
development.



Page 6Ever since the first resulfeom the development of the turbojet power plants
became available, the time has come to rethinletitiee basis of this research and
development phase, and to place it entirely upoevafoundation.

C. The Turbojet Power Plant

For the initial stage of the next development phdsefollowing objectives for
performances will be stipulated:

Speed = Supersonic
Altitude = About 20 km
Range = Up to 15,000 km

It should be noted that the desired air speedtisneant to be an ultimately demanded rigid
factor, but rather that the maximum air speed shbalreached independent to the altitude.
The theoretical formulation and resolution of tlosgd tasks, means to carry out a tactical
analysis of the possibilities that technology pesss. As another consequence is the fact that
there are no absolute demands for altitude anynAdtieude alone is no guarantee to stay out
of reach from enemy attacks. By use of common pglhastts, which share similar levels of
technology, the defending aircraft will always bean advantageous position. This will be
especially true when rocket engines are availaii¢hie defending aircraft.

It is necessary to define the term air stream pghaart more closely:

All engines, which take in the surrounding air loé atmosphere to provide the necessary
oxygen for the combustion of fuel, may be termedraair stream engine.

With this definition, normal piston engines coullib this category, whereas the air
stream is generated by the propeller. This typengine, however, shall not be defined as an
air stream power plant, since such an engine, winels pistons for producing power, would
have to be developed under far different criteria.

Page 71. Comparisons and performance values

Fundamental contemplation proved that the estadlisaisk could not be further solved
through continued development and improvement. Elelhtbecame obvious that the
problems must be reviewed from the ground up, sapgdying the previously established
principles could falsify the groundwork from thetset.

In the past, power plants were considered as samgetinchangeable. One was content to
know that this particular crankshaft power outywat available for a given airframe. This
viewpoint was correct to this point as long asgbeer plant did not offer any resistance in
its own self, is incorporated fully inside the earhe, and does not offer any additional
resistance as such. This is possible only in vewydases, for instance when rocket engines
are installed in an airframe. It becomes ever nddfieult to have an engine incorporated
fully enough with increased air speed. Normallg émgines will be mounted on the wings, in
which case the ensuing air resistance cannot Hected. Thought should be given that the
coefficient of resistance of the airframe mustdenid by an experimentally established value.

High air speeds, up to the supersonic range, asilde only if specific reducible factors
are examined more closely and everything possitahe do diminish them further.

The airframe air resistance as a whole may be sigadi into,

W = Wairframe +Wpower plant MWinterference



The power plant resistancepWer planis the air resistance of the engine nacelle whifgoeed
in the slipstream.

The interference resistance is the value whichltegthen the engine nacelle is mounted
in the airframe.

The power plant thrust index during a constanglléight is:

S = Waircratt
= Wairframe + Whower plantt+ Winterference
i S Wpower plant = Wairframe + Winterference

Due to the lack of test facilities, it is not pdssito find the interference resistance. It
may be ascertained mathematically from the othkerega

Page 8In the future, it will be necessary for the emgbuilder to be concerned with more
than merely shaft power out-put, but should incltraefollowing:

S — Wpower plant= S

The effective thrust, &is the thrust that is available to the aircrafeathe engine’s own
air resistance has been excluded.

S=S-Wr i S =indexed thrust in kp
Wr = air resistance of power plant in kp

Generally, the value for indexed thrust:

S=m(c-v) m irlucted air mass per second in kg m — 1 sec.
¢ = exhaust velocity in m/sec.
v = air speed in m/sec.

Propeller driven aircraft have the following values

S=S +S LS = propeller thrust in kp
=m (c.—V) +(@—V) & = exhaust gasses thrust in kp
m. = air mass taken-in by the propeller in kg nee.s
c. = velocity of air mass behind the propeller in
m/sec.
mv = air mass ingested by the engine in kg m — 1 sec.
& = exhaust gas velocity in m/sec.

it is,
S = Nx75/v N=SV/75
thereby,
S. =Nschr Nw 75/v = m. (c. — V) Nschr= propeller efficiency
Nv = crankshaft performance in hp

S =N 75/v=mv(ov—V)

SO,



S =Nschr Nw 75/v + N 75/v

Page 9Another characteristic attribute for an engingsduel consumption in relation to
its effective thrust, St is defined as kg/kp h,

be = kg/kp h
and analogous to the fuel consumption, obtained fite thrust index,
bi = kg/kp h

For evaluating an engine and for deciding which @oplant is to be preferred, its weight
will be the only decisive criteria.

The weight of the power plant is the sum of the @oplant and the fuel consumption for
the required length of flight.

The usual fixed values up- to-date by which powan{s were evaluated, such as the
calculated crankshaft power out-put, fuel consuamtand weight pertaining to the
crankshaft performance, are not decisive for amne‘gjapplicableness. Engines, which
possess the same usual fixed values, may diffemgly from one another in relation to the
actual important values=8nd h.

This divergence has not been very profound thyssiace only piston engines have been
used whose comparative values for similar powantpleemained valid when used in non-
extreme air speeds. The air speeds currently des##ionand clarification of the correlativity
since serious mistakes will be unavoidable, and¢chvinay be worse, guide the entire effort
into a wrong direction.

To be able to display the fixed values of a powanpin a non-dimensional fashion,
dependency on co-efficiency of aerodynamics isetinkroduced.

S=cqF, ¢=SqF c = indexed thrust coefficient
S=aqF, e=%qF Ce = effective thrust coefficient
Wi=cwtp F; et =Wr/g F a1 = coefficient of air resistance of the power plant

Ce=Ci -- CWT F

maximum frontal area in m

Page 10For the reference size of the frontal area thesltrgne was chosen since a
definite value can be given, and for the best agrachic shape of the engine nacelle, which
must be a prerequisite from now on, it should lesveid as a characteristic value.

The following would be valid:

be/bi =a/ce=1+cWT/ e
or,
bece=hc

Furthermore, the weight of the propulsion systei decisive factor for an engine’s
suitability.

Ga=Gr=Br A = weight of the propulsion system in kg
Gr = weight of power plant in kg
B = hourly fuel consumption in kg/h
t = length of flight time in h



If ge is designated as the weight of the power planiLkpr of effective thrust, then,
Oe=Gr &S

and the specific weight of the propulsion system,

0A = @ + bet.

The basic working knowledge as specified aboveckwhre not only decisive for the
assessment of a power plant but should also beedi@s a guideline for development, shall
be the foundation for the following examination fmwer plants that are used in all speed
categories. It must be mentioned, however, thatdaeday’s level of know-how it is not
possible to provide exhaustive specifications fmwer plants in every situation, since in most
cases the necessary data are not available, whbsssthat are available have been made
possible only through experimentation. The intemigaccomplished when basic
considerations are utilized and when knowledge gap®ointed out, since in many cases
having a correct assignment of tasks will leadutcsss.

Page 11To get a general idea, comparisons are given dftarpengine — a Jumo 222
C/D with a TK 9, a turboprop power plant — BMW 028d a turbojet power plant - BMW
018. In addition, the just recently available tyeb@ower plant, Jumo 004 C, this shall be
viewed as a preliminary solution for this type ofyer plant.

There are not enough figures available to acquieartitial values for cWT and level of
propeller efficiency during the various flight cations that may be encountered. To get an
initial value for cWT, a coefficient value from &teal solid form with low drag was used,
whereby the true values are much greater.

T [hak
NSchr | Cwr /
107 0,157 ]
0,97 0,141 /
081 0,13 \Q\schr
0,71 0,127 /
061 0,117 : /
05101 I . |
041 0,09} P _ é-/C:wTo
0,37 0,081 T T T
0,21 0,07 f
0,11 0,067
c 50 100 150 200 250

Ymis —=

—— NSchr (propeller efficiency)

— - — Cwr; H =0 km (altitude 0 km)
— - — Cwr; H = 11 km (altitude 11 km)

Fig. 1
Fundamental analysis for acquiring the values YWiT@ndnschr



Figure 1 gives the fundamental analysis for thealhvalues.

Figure 2 lists the thrust values for the specifievpr plants. For particular air speeds and
altitudes, the c-value is a benchmark for thrustdbn of the frontal area of the power plant.
The graphic curve, depending on air speed, is ptigmal for the dependent thrust of the air
speed and shows the potentially available acceberduring different air speeds. If the graph
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Fig. 2
Thrust values for specific power plants

line “c” were horizontal the thrust would increageghe same rate as the air resistance, thus
the over dimensioning by itself would be decisigethe potential acceleration of the aircratft.
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Thrust coefficients for specific power plants

Figure 3 shows the same values during elevatespaigds with a linear scale. This
illustrates very clearly the influence of the arfre’s drag. The motor and, to a lesser extent,
Page 14the turboprop, display a very rapid drop-off of tkh&line due to the reduction of the
propeller efficiency during high air speeds. Thaueaz of the engine is practically zero
during these most favorable conditions at a spéadonind 235 m/sec. (846 km/h). The
power thus produced is negated through the inhelraigt This fact alone illustrates the
unfeasibility of piston engines at high air speedgruth, this critical point lies in far lower
air speeds, since the correct cWT value of the p@lant is higher than the minimal value
that this diagram illustrates.

In Comparison, the difference to the turbojet carclearly seen, and when the second
development phase is reached, such as with thelBLBMW), it will be even greater. At
220 m/sec. (792 km/h) the ealue of the TL-018 is about 3 ¥z as great asdhatpiston
engine’s. The turboprop’s lies even higher, howgthex propeller efficiency proves to be an
element of uncertainty. Tractor propellers, fotamse, display a certain amount of
interference drag that cannot be ascertained. f€mat an assessment by simply utilizing
theoretical values should be avoided. Other fagitarg important roles, such as the question
of starts, throttle performance, and effects umothé airframe. The diagram shall merely
provide better data than what is now available eutibeing too comprehensive.

Figure 4 shows fuel consumptior, independent of air speed. Up to date, it was commo
to believe the false notion that turbojet engin@gehmuch greater fuel consumption than
piston engines. The consumption rate that is o€eom ke, at 230 m/sec (828 km/h) with the
TL-018, is the same as the piston engine and l¢ivger the same at higher air speeds,
however, the piston engine has a consumption f&28mgr/PShthat corresponds with the

2 Grams per horsepower and hour



standard specifications that have been used. Unedlybone can clearly see that the
currently used characteristics, made use of inghetssessments, are of no use.

An empirical worth says that a good piston engiogspsses a specific weight of about
0,8 kg/PSh. Figure 5 shows different values. Thigllias 8 kg for 1 kp effective thrust at
230 m/sec, whereas it is only 1,8 kg for the TL-018

In the beginning, it had been mentioned that tHg factor of measure for a power plant
is the weight. The actual operative range is showigure 6. The illustration is valid for the
important altitude of 11 km. At yet greater heigtits disadvantages for the piston engines
become even greater.
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Rate of fuel consumption for various types of poplants
This diagram shows the fuel consumption for spe@figines under the prerequisite that

they have the same weight. If one observes theryggreof the lines, at the 11 km level, it is
obvious that the piston engine’s advantage indoasumption becomes inconsequential
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Power to weight ratios for specific engines

when a range of 5000 km and air speeds higherGBarkm/h are reached. The values given
change if the drag interferences are added initdggam. The forthcoming work group must
clarify these conditions in more detail.
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Field of application for specific engines

It is clearly visible that medium fighters, poweilyl piston engines, cannot achieve the
necessary performances with an acceptable efftheakequired air speeds that range from
700 to 800 km/h, since range is limited at presarel of know-how.

Page 18For single engined fighters, the stipulated ages}s lie between 850 and 900
km/h. This is the dominating range for the turb@etver plant, since the piston engine cannot
deliver this sort of performance.

The dashed lines illustrate that other factors corteeplay near ground level. The
corresponding borderline between piston enginetanibjet are near the higher air speeds. At
ground level the ranges are shorter due to theedenms

The disadvantages for piston engines at great teelftome even more extreme due to
the increase of air resistance of the engine cgaystem and the profound decrease of
propeller efficiency. Extreme altitudes will be liead only by use of turbojet engines.

The scope of use for piston engines will be a gibeal lower than is the case with
turbojet and turboprop engines, since the cWT valilidoe much higher due to necessary
equipment such as oil cooler inlets, diverse o#lieinlets, exhaust pipes. There is a dash-
dotted line in figure 6, which shows the quantityem the cWT value is double as much as
the one shown on figure 1 and when the propelfaieficy is 5% less, in effect, 0,82 instead
of 0,87 at an altitude of 11 km.

Furthermore, it is to be observed that propelleredr aircraft will have higher drag
interference than turbojet driven aircraft.

Only recently are useable research results avaifablthe assessment of piston engine,
turbojet, and turboprop power plants. The diagradlmstrate where it is necessary to increase
research and development efforts. It will not begilale to reach extreme cruising ranges with
any of the three types of power plants. The denthade available fuel consumption rates
for long-range power plants will provide considdeadnhancement in potential use.

Il. The Propeller Motor Jet (PML)

It had already been pointed-out that the limitpiston engines have been reached with
today’s available know-how. However, this doesmatessarily mean the end to engines
employing the piston/crankshaft system. As farashme foreseen, compared with the
turbojet, the weightiness of the piston engine veithain.

Page 19

The entire problem of propulsion with engines concey altitude and air speed should
be reviewed by taking the previously indicated alteristic attributes under consideration
for evaluation.

Initial considerations of power plants should bedmaoncerning tactical areas of
application for ground attack aircraft, fighter boens, observation planes, for close air
support, and for transport aircraft with maximumsgeed between 500 and 700 km/h. For
such uses a good throttle response at low air spgeechportant.

Piston engines best fit into these required perémee characteristics. The fundamental
task to develop a turbojet, and not a piston engiaenot be overlooked considering the
required utilization. The scope of work demandsaimum for ¢and cWT values, taking
into account the compulsory maximuewvalues for the specific flight requirements.
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Air Drag For Power Plant Nacelle

First, it is necessary to eliminate any and albdgnamic disturbances on the nacelle, so
as to improve the cWT value. It will be possibleatthieve building the best aerodynamic
coefficient engine nacelle with this means.

It is worth to strive for an even more aerodynanacelle. The air, together with the
exhaust blast, must exit the engine with the |passible drag, to achieve as close as possible
a level of air resistance that is composed mosthireto-surface friction. The main effort will
be to minimize the aspect ratio of the frontal area

The newly established task assignment based conpasigines is:

A turbofan engine powered by a piston motor théb ise used for specific purposes and
displays the favourable values fer b, and g.

The questions that will emerge with a given examatel are of importance to solving the
task, will be scrutinized more closely.

Page 20Figure 7 shows an example for such a power plailugtrates that this power
plant differs from a turboprop only through the e$@n internal combustion piston engine as
a source of power, instead of a gas turbine.dt iso import if the propeller and compressor
are being powered fully or partially by a pistorger, or fully or partially by a turbine, to
produce the necessary thrust.

Fig. 7

The required air speed is a point-of-origin for gnerequisite for the distribution of thrust
by the propeller and thrust by the jet of air. Tarify this issue, it is necessary to determine
this at the conception of the project, whereasondt the efficiency of the jet stream or the
efficiency of the propeller is the sole decidingtta. It must also be considered how much
combustion efficiency will be used to produce aiead and shaft power out-put. The
compressor and turbine cannot be viewed separatgiynust be taken into consideration
together with the piston engine assembly group.

Page 21

The Drive Motor

The drive motor will strongly influence the outemtours of the nacelle. It will be the

nacelle designers’ job to attain a contour forrtheelle with the lowest drag, so as to obtain
the most slender form and shape.
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Structural Form

It will be necessary to take a fundamental look\adry possible structural form, without
being influenced by any sort of dogma.

1. Piston Engine

Due to the most extensive experience with the malecombustion engine, it is possible to
make excellent assessments for this power planhé&iing fairly accurate forecasts.
However, such motors have fundamentally differequirements than those in common use
in aircraft today.

The best results will be achieved by the use ofswoke engines with short strokes and
capable of very high rpms and that can be put tfitaxery high thermal stresses. Concerning
the required proposal, this seems plausible dtieet@ery high volume of air that is available.

It is possible to achieve extensive internal cydindooling, whereas significant proposals
for air-piston cooling are now available.

Since the hot air and exhaust heat produce p#mast in the mid-range pressure stream
of the turbine and exhaust blast, fuel consumptide per hp for the engine is of no
consequence, because the importanahie may be influenced by other factors.

To my knowledge, suggestions for such a power plastfirst made by M.A. Miller
(member of the Junkers branch factory in Magdebamgd was examined by the FKFS
(Forschungsinstituts fur Kraftfahrwesen und Fahgmeotoren Stuttgart — Research institute
for motor vehicles and aircraft motors Stuttgart).

Due to the experiences that had been made witbjairbngines, it has been determined
that the piston engine powered jet engine is inequential for high air speeds, since turbojet
engines provide better performances for those spaed for flight duration.

The most promising air speed range for a PML pqulent lies between 500 and 700
km/h and at lower altitudes. For use at those tgbesr speeds the propeller as a propulsion
system cannot be ignored.

Page 22For the intended purpose, the drive motor will b@agerformance level of
between 1500 to 3000 hp, and it is probable tisatraof air-cooled inline radial (an “X”
engine) will be preferred, which has four rows dab4 cylinders.

The performance of the engine will have to be tuneed to the required altitudes. If it is
necessary to have a constant power level at aphatialtitude, it may be possible to consider
putting in one or more guide baffles for the axi@mpressor, which will rotate with the
impeller at low to medium altitude levels. Thesd fuinction as superchargers only when
high intake pressure is needed in the prerequaflitedes. It must be examined to see if such
a system will provide an advantageous partitiomhtprust between the jet of air and
propeller, which adjusts according to air speed.

2. Wobble-plate Engine

The wobble-plate engine should be taken under doseiny to find the prerequisite
requirements as a drive motor for a PML power pl&hts motor’'s small frontal-area-to
power-ratio seems to be suitable for the intendsed It is not easily resolved, however, to see
if an air-cooled version could be used. A watertedwariety may bring with it difficulties
for the mounting of the radiator, if it must lieoah the axis of the power plant assembly.

Another advantage such an engine may have, isoshplity to change its compression-
ratio, which would increase the power and decréasleconsumption rate at higher altitudes.

14



3. Linear “Crankshaftless” Piston Engine

The linkage problems with the wobble-plate engioeld not be entirely resolved thus
far. With the prerequisite undertaking at hand mot absolutely necessary to produce shaft
power. The motor may be constructed so as to et mseely to produce gas, and it is also
not required for the wobble-plate to rotate, buyda wobble, which would mean that the
linkage problems would be resolved straight away.

This type of solution suggests that the linearguisingine, possessing no crankshaft and
having the required high pressure combustion chamsheuld be taken under closer study.

Page 23

[l Explosion Gas Turbine (pulse-jet)

The preceding discussed options and possibilitethie PML power plant permit the
explosion gas turbine to be included as a potectiaice.

Considerations should be made to see if the patteoPML power plant should be taken
at all, or if the explosion gas turbine should e @ltimate goal.

Presently, no conclusive evaluations can be madeetning this type of power plant,
since the problems to be solved are strongly initee by the theoretical understanding of
non-steady state gas dynamics, and it is necessapntinue close studies in this field of
knowledge with the explosive gas jet pipe as a dadion.

D. Conclusion

In summary, it may be said that the first greansent of development for aircraft power
plants is coming to a close. This is characterisethe use of aircraft engines, which had
power out-put, fuel consumption rates, and weigipliad as distinctive features for
evaluation.

The second great scope of flight performance, wiithe present area of interest, is the
region of application that is made possible bytthbojet power plant. Early 1939 is the
inauguration for this period of development.

It would be beyond the scope of this presentafiall types of turbojet power plants,
including all their characteristic features, weyde discussed separately. The diagrams are to
illustrate the perspective approach by which higlfggmance power plants should be
evaluated and provide a foundation for future piagnEven a quick review shows that only
turbojets may be perceived as high performance pplaats, which are categorised by the
termair jet power plant. A comparison is always relative, anty because of the fact that
technological advances of turbojets are achievatakenot justifiable to consider the present
power plants as high out-put engines.

However, it is an undeniable fact that the diffteag in studying this matter will grow
until the necessary base of knowledge is availdbig not said oftenPage 24enough that
the required research is still lacking severelys tinly due to war-time conditions that such a
rapid rate of development in certain areas had besde possible, whereas it is clearly seen
that all still-to-be answered questions must belves through research, since serious
mistakes may otherwise be made.

Beyond that, it is necessary to lay-out a cleahn fat future development so as to make
possible a clear and concise course for the tadkaral.

For this reason, the three four-year time-peribds were foreseen for accomplishing the
postulated requirements are re-examined.

1. The first developmental phase counts as the onehwdrovided the necessary
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fundamentals and allowed the turbojet to be brotmmaturity without having it
initially produce extreme power out-puts.

This segment is concluded and has brought fortbluéenary results for the entire
field of power plants, and not only for the Luftief

2. The task for the second phase is as follows:
TL-Triebwerk (Turbojets) with higher out-put ratsg
(improved power plants with differing out-put rajs) high altitude flight)
ZTL-Triebwerk (Turbofan)
PTL-Triebwerk (Turboprop)
Gleichdruck-Strahlrohr (Impulse Turbine)
Tasks for pre-development and research:
GTW (Gas turbine with heat exchanger, long-rangequglant)
PML (propeller motor jet)
Verpuffungsturbine (pulse-jet)

3. The third phase is to find solutions in developiing gas turbine engine with heat
exchanger for long-range flight.
Due to new-found knowledge for the piston aegas power unit for the PML, it
must achieve favorable performance.
Furthermore, it is desired to find developnaésblutions for the gas turbines,
based on previous experience with explosion gdsnenrpulse jet).

Page 25The major development is thus ended for the timedod his phase
shall, along with improvements of the avakapbwer plants, bring forth solutions to
the airframe for long range flight.

R = 15,000 km
v = about 600 km/h
H=6to9km

Furthermore, the development of the PML power phaunst bring about a change of
fundamental engine use for transport planes argeaombat aircratft.

It is difficult to predict the future. But sometisé is necessary to drive on with all the
specific details on a broad basis so as to comectimprehensive conclusion. Even when an
intended plan sometimes gets accelerated, hampmreden cancelled, alone the fact that a
problem has been recognized in time, success nugystill be achieved.

An appointed program cannot be given for supersthigiat within the third major phase,
since a basis for requirements are not yet availalthe start of the development. As far as
the power plants are concerned, this is no probRefore a start can be given, more research
must be accomplished. In time, this problem wgloabe addressed so that all research sectors
involved will have a fundamental ground to stand on
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Symposium

Page 27

Triebnigg: What we just heard are extraordinarily interesstagements. Your clear
presentation illustrates in an ostensible way tneetbpmental possibilities that individual
types of power plants today posses and in thedutur

Neugebauer:When thoughts are given over future aircraft poplant development, one
guestion stands out very soon, which actually shbeldesired to be solved in the first place,
but whose handling lets one recognize shortly ¢inatwill stumble upon problems when
attempting its solution, and that question is: WWhipe of power plant is best suited for a
specified flight requirement? Herr Schelp dealhwitis element elaborately during his
presentation; here, I'd like to show how to perhplage this understanding upon a more solid
foundation.

Generally, our power plants have the intake airp@ssed in a couple of steps, first by
ram air and then by supercharger — in effect aste@am machine — and then a motor — a
piston engine. Then the charge is burned, whiclaeap up to a certain pressure inside the
piston engine, then in a turbine and finally ireust nozzle. Well, theoretically one could
indiscriminately draw a line of division betweeresle compression steps or the expansion
steps, and one could leave away whole machine grdopexample the piston engine or the
turbine. How does one best select a choice?

To come closer to an answer to this question kel o reflect upon a suggestion that
stems from Herr Gunter and which was brought tcattgntion by Herr Helmbold. Giinter
theoretically breaks-down an aircraft into a utilehicle, which carries only the cargo, and a
tow aircraft, which carries only its engine andlfine calculates the required thrust that the
tow-rope needs and ascertains the engines’ appitgabd like to go one step further and
theoretically separate the power plant and fuehftbe airframe of the tow aircraft. The
correlation of the available thrust is:

S=V-R-Rn

The forward motion, V, is the result of thrust, guced by the propeller and thrust nozzle.
The immediate resistancey,s from the engine nacelle and the cooling systamd the
collateral resistance,nRis from the towing airframe.

Well, it is desired to achieve required thrust witie least amount of expense. Generally,
we’ve got into the habit to consider this “expenselely as fuel consumption; one should go
one step further and include the expense the pplaat and towing airframe cause. These
expenditures contain the cost of manufacture, raparice, overhauling based on serviceable
life span, and all this is difficult to ascertain.

We can now establish a figure of value:

n=SXxWI/A

Page 28 = net thrust, W = distance flown, A = expens@éeWanalysing the equation,
one sees a relationship between altitude, air speegth of flight, propeller efficiency,
weight of the power plant, fuel consumption ramgeinal set-up of the power plant (for
instance the breakdown of the pressure-drop), weigtne airframe, cost, and life-span of
the engine and airframe, etc. One sees that theamships are not easy, however, one should
not be dismayed but begin to gather the necessdayi order to obtain a rough solution; a
rough solution it is, naturally, because due todhiing nature of this state of technology,
which demands constant corrections.
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| can imagine a diagram, which illustrates in itdinates the perimeters of different
power plants suitable for prerequisite altitude;spieed, and flight duration. With the help of
this diagram it would be possible to ascertainniwost appropriate type of power plant for a
given application.

The task is being worked on by several work granpkiding the DVL (Deutsche
Versuchsanstalt fur Luftfahrt — German Researchitirie for Aeronautics), which is
supporting me in a thankworthy manner, and | hbpé in time to achieve a fairly accurate
solution, which will save us certain time consumamgl painstaking development effort and
choosing an optimum balance by providing a guidefiom the onset.

Gunter: | have been concerned with the comparison of iiffetypes of power plants for a
longer period of time now, and have also used daimelationship of power plant weight
that is based on net power out-put. | have foundidver, that this depiction fails to illustrate
enough the characteristics of the whole aircraftb@ able to judge an aircraft’s potential
performance, different types of operational strest®uld be used to illustrate the
performance in diverse flight altitudes. In additio the engine characteristics, the reachable
performances are also, naturally, reliant on thenalble expense for the power plant = power
plant weight/gross aircraft weight. Propulsion wig power plant + fuel + fuel tanks. By a
constant weight of the airframe, this expressico gives the specific effort of construction =
operating weight/gross payload weight.

Since the surface area of aircraft wings are degp@noh the plane’s weight, and the
median speed and range dependant on the aircrdiameeight, it would be better to use
median aircraft weight in the equation insteadrofg take-off weight.

median propulsion weight A  (antriebsgewicht)

median operating weight mG  (fluggewicht)

For a given Gm/ Gm there are a variety of aircraft viable, dependinmgare is expended
for operating weight of the power plant (fighter)roore for the fuel. Therefor the figure
below has the quantity,

median operating weight nG

standing thrust oS

to use.
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Page 29
Note: Rudimentary reproduction due to partial illegibility of scanned copy.
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Page 30

Figure 1 plots the air speed through range. Far/@m= 0,5 and with the coefficients of
the JUMO 004 C, different aircraft, designated by$s, have their full power performance
delineated; the range increases with rising akitadd the air speed increases to some extent
at first and then decreases somewhat. The uppeh ¢iree indicates the greatest achievable
cruising speed, independent of the range, andatdom altitude. If a too-small aircraft is
implemented, a somewhat slower cruising air spe@ghievable than is indicated by the
graph line but with a worthwhile top air speed.

Noteworthy is that the advantageous range fatSds very small. The lighter aircraft
achieve negligible increase in range while air dpeencreased only minimally. Heavy
aircraft, which are loaded with a large proportadriuel, do not achieve a lengthening of the
cruising range when air speed is strongly redutid.reason for this is the decrease in
altitude.

The graphic lines show altitude differences of 3QG0r specific aircraft, which allows
seeing the potential performances in those paaidwights. Cruising ranges are very small
near ground level.

The diagram was prepared to only show the charattsrof the power plants for a
bomber, were other features, such as climb-ragenair of importance. | have examined a
number of other accounts, but | believe it wouldoggond what we're discussing here.
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Schelp Berlin (as guest): To augment what Herr Gunter $wd, I'd like to emphasize the
fact that the first generation of power plants, abhare now available today, are not meant in
any way to be used for bombers, and | would apatedi if these investigative efforts would
be done with newer projects, such as the BMW TL&1@ BMW TL 012, which, due to their
design details, are much more suited for such ahcapion.

Gunter: At first, | tried-out this illustrative presentati using the JUMO 004 C. The
characterization of an aircraft by propulsion wefgperating weight through operating
weight/take-off thrust, would be better to be replhby weight of fuel/propulsion weight (the
graph line was added subsequently). Nothing chaimgiee presented illustration, though. No
deduction should be drawn concerning the outstandaportance of standing thrust; along
with the increase of cruising range at higherwatigts, above all the potency of power plant
out-put being reduced by the decreasing densigra$ important. The diagram also shows
that the increase of operating weight will increasesing range only marginally. This limits
the necessary idle thrust.

Schelp: What is missing here is the correlation with thle@me. More or less, one can vary
the power plants’ dependency on altitude, andwhliscontinue to be an important part of this
project; for what air speeds specific power plamtslaid-out for. So in the future, it will no
longer be possible to develop power plants withkmaiwing beforehand the requirements of
the airframe manufacturers. Only through the masnsive collaboration will it be possible
to construct a solid package, comprising of powantpand airframe, which will result in
getting as close as possible to the highest pesBight performances.

When applying these considerations, | used the maxi frontal area, because | believe
that in the future the aerodynamic form of the poplant will approach a favorable value, so
that this largest frontal area can be used asractesizing aspect again. However, perhaps it
is appropriatePage 31to withdraw the questions until after Herr Zobetlmought forth his
presentation. In examination of the climb rateusbojet powered aircraft, it must be
emphasized that when the power plant size is &lto the airframe, this performance aspect
will be higher than is possible with piston engiraatraft. One cannot look upon today’s
aircraft as benchmarks, since it is easily disrégarthat they have once again got too heavy
for the available power plants, which hampers tfigint performance.

Multhopp: All calculations comparing performance of aircnaith different power plants
have turned-out to be problematic. It is primadlye to the myriad of data that are required
for assessing flight performances, which can bé tseharacterize those craft. It is only
natural that one would sacrifice, for instance,d@uperior horizontal air speed, a whole slew
of other aspects of flight performances, such aslyaa high fuel consumption, inferior take-
off quality, and etc. A closer look upon such tlamwgarps the overall picture substantially
when one views in summary the presentation that Senelp had brought forth. In addition,
one must always keep an eye on all the concuregatls, which arise through the one or
other type of power plant. It is, as an examplegessary when comparing weight differences
between piston-engined power and turbojet poweadtbthe extra fuel that the turbojet uses
during a climb to operating altitude onto the grpew/er plant weight. The turbojet reaches
its greatest cruising range just below maximuniwa®, but to attain this altitude, the engine
uses about as much fuel as the weight of the pplaet itself.

A rather one sided assessment of various powetsptasults when a random value, such
as frontal area of the power plant, is taken aasasbIn aircraft construction, it is a given that
a low drag is associated with a small frontal a&@e tries everything that is imaginably
possible to reduce the inherent drag to merelyaserfriction, and this is proportional to the
surface area. Perhaps it would be more reasomableeta 2/3 relation of the required volume
as a comparing value, even though such a valueatihot give an objective enough
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viewpoint; it does not take into consideration to@current details that ensues for a specific
type of power plant an aircraft manufacturer mestldvith. The engine nacelle of a piston
engines aircraft is often the only place whereléineling gear could be placed, whereas the
same can be placed only in the fuselage of a gihed aircraft, since the wings on a fast
airplane cannot be made thick enough. On the ¢idwed, the cooling system of a piston
engine causes enormous additional drag, which madk@agparing calculation difficult because
a lot depends on the method of placing this systeto the aircraft that, in most favorable of
conditions, may change its overal design.

| do not want to give the impression of being agatarbojet power plants, which we will
soon be appreciating very much as a most valuaisticuent in aircraft construction. | just
wanted to emphasize that both types of power plaaie their advantages and disadvantages,
and thus must coexist side-by-side, and that resesard development should not be steered
onto a single path.

Page 32
Von der Nll: A few of my colleagues have been working for alitbaetpast three months, on
the comparatively same notion concerning diverpesyof power plants. It turns out to be
difficult to illustrate the attained findings, ather to exemplify the comparing analysis in
such a manner that satisfies the engine and aiefraanufacturers. The number of variables
that must be considered is so great, that theydqoogsibly be viewed upon in a simplistic
way. The differing performance requirement of aftlets the one or other variable become
especially important. It would be desirable for goaver plant manufacturer to hear from the
aircraft manufacturer what independent variablg thissh to have. Diverse possibilities of
combinations are still available in the field ofh@éme construction. It is difficult, however, to
determine which of these would, in combination vaticraft type, represent a most favorable
solution. This difficulty in communication also ladié the planning stage, because the
required specifications placed on the power plamade when the airframe is already
developed. Naturally, the time for developing tlesiced power plant is not enough then. |
would like to suggest that the aircraft manufaatsishould put forth suggestions for
purposive outlines for the comparative power plants

Bock: The type of power plant has, in many cases, apraf influence on the landing gear.
When assessing engine types, it is thus necessatyd consider the landing gear type. The
given example shall exemplify this:

For sure, it is no coincidence that all aircratidd days that are powered by jet engines
have nose wheels. The nose wheel weighs more hieaistially used tail wheel, but it is more
maneuverable than the latter. A disadvantage thabse wheel equipped aircraft have is
that the rollout of the plane after landing is tiekely long in comparison, since the angle-of-
attack of the wings is smaller than is the casé witcraft that are equipped with conventional
landing gear. On aircraft that are propeller drivikie propeller is drawn upon to increase the
air-drag considerably to help slow-down the plak®far as | know, no such similar
possibility exists with the jet engined aircratt)east for now. It is therefore necessary to
increase braking power on jet powered aircraft,civtwill bring certain penalties with it.

This little example illustrates that the valuabéngral statements from Herr Schelp can
have only limited worth, and that each importawiividual case must be worked through
exactly and be supplemented by similar studies.

E. Schmidt: In regard to the turboprop power plant, | woulelto draw attention to the
possibility of using multi-stage fan blades, whgttould bring certain advantages with this
type of power plant. If the unit increases powetrut in relation to volume of air by
increasing the allowable gas temperature to tH®rar the compressor stage draws a relative
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smaller portion of the turbine power, which prot@$®e purposive, at least at non-extreme air
speeds, to avoid having the entire thrust energgxbausted through the thrust nozzle, but to
have a portion of it delivered to the propeller.Bg ...next lines illegible ... Page 33to

have done, such a propeller, even if it shoulddrestructed as a multi-bladed, counter
rotating unit, would possess a large diameter, whiould have to rotate in a low speed. This
would result in a tall landing gear, and also, ttuthe high gear ratio needed for the high
rpms that the turbine produces, a large and heaaym@duction unit. These disadvantages are
eliminated by use of multi-stage fan blades thaspmir into a compression chamber, which
then gets exhausted out of the thrust nozzle. Bypawative power rating, the multi-staged
fan-jet possesses a far smaller diameter and airias higher rpms than the propeller can,
which allows its diameter to be smaller and ther geduction unit simpler. Also, one could
congest the air before the jet and so reduce thehiMamber on the propeller blade tips. In
addition, the pressure chamber behind the fan bladeld offer a short term increase of
power out-put by injecting fuel into the compresa@d These advantages are so substantial
that one should take this type of power plant moi@ account when assessing jet engines.

End
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