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9.3 Jet Engines and Jet Aircraft

During the 1930s and early 1940s, German-speaking scientists and engineers developed the first
practical jet engines (Section 9.3.1) and installed them in a wide variety of revolutionary aircraft
(Section 9.3.2). After the war, experts, hardware, and designs from the German-speaking world
spread those jet technologies around the world. That German expertise provided the modern world
with jet-powered passenger planes, fighters, and bombers, as well as closely related gas turbine
engines that are used in power plants and in land and sea vehicles.®

9.3.1 Jet Engines

A turbojet engine (Turbinen-Luftstrahltriebwerk or TL in German) is a type of gas turbine engine
that forcibly sucks in air, burns it with fuel, extracts a little energy from the process (turbo for
turbine) to power the air intake, and expels the rest of the energy out the back with a high-speed,
high-temperature exhaust (jet). Because the exhaust has both a large mass flow rate and a large
velocity, its new rearward momentum is large, and hence it imparts a large forward thrust force to
the engine, potentially larger than the thrust of a comparable propeller engine. However, because
so much of the combustion energy ends up as kinetic and thermal energy in the exhaust and not
as new forward kinetic energy of the aircraft, at moderate flying speeds the energy (fuel) efficiency
of a turbojet is much lower than that of a propeller engine. Figure 9.51 shows the components and
idealized gas pressures and temperatures in a typical turbojet engine:

e The diffuser impedes the incoming flow to slow it down, converting the initial kinetic energy
of the flow to increased pressure (potential energy) and temperature (thermal energy).

e Since passive stagnation effects only cause a small increase in pressure even at high subsonic
speeds, turbojet engines include an active, powered compressor that forcibly raises the pres-
sure (and temperature) of the flow, thereby preparing the air to burn more efficiently with
fuel in the subsequent burner section. (The compressor can also be viewed as actively sucking
air into the engine, even if the external air speed is negligible, as it is when the aircraft is
first started.) Typical axial compressor designs use alternating rotating and stationary blades
(rotors and stators) as shown in the figure to squeeze the air as it passes through.
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e The burner or combustion chamber (combustor) burns the incoming air with a much smaller
amount of fuel to raise the temperature of the flow as high as possible without melting the
blades in the subsequent turbine section.

e The turbine must extract enough work energy out of the gas after the burner to put the
necessary work energy into powering the compressor before the burner.

e The nozzle decreases the pressure of the flow until it reaches the ambient pressure of the exter-
nal air, converting that initial high-pressure potential energy into kinetic energy to maximize
the exhaust velocity.

e Optionally, an afterburner can add extra fuel to the air just before the nozzle. Burning that
extra fuel raises the pressure entering the nozzle and hence the thrust force produced by the
engine, albeit at the expense of consuming fuel even faster than a plain turbojet engine would.

While a turbojet is a very powerful and compact engine, the propulsive efficiency of a turbojet is
relatively low at subsonic aircraft speeds, since the engine’s exhaust velocity is so high. To raise
the efficiency of a turbojet engine for subsonic travel, it can be directly coupled to a large fan for
airplane flight (a turbofan), propeller blades for airplane flight (a turboprop), or rotor blades for
helicopter flight (a turboshaft engine), as shown in Fig. 9.52.

In a turbofan or bypass engine (Zweistrom-Turbinen-Luftstrahltriebwerk or ZTL in German), the
inlet air can pass either through a relatively conventional turbojet engine (sometimes called the
hot flow since it is heated by combustion), or else through a large enclosed fan (sometimes called
the cold flow since it does not experience combustion). The bypass ratio 5 is defined as the ratio
of the mass flow rates in the cold and hot flows. Compared to a pure turbojet engine, more of the
exhaust energy in this turbojet is extracted in the turbine and less in the nozzle, which decreases
the hot flow exhaust velocity. Because the turbine extracts more energy, it can power not only the
compressor for the hot flow, but also the fan for the cold flow. The fan may be an enlarged front
compressor blade through which both hot and cold flows pass, or it may be a separate blade whose
speed has been appropriately geared down from the main turbine shaft. As the cold flow is merely
accelerated by a fan and not heated by combustion to high temperatures, its exhaust velocity is
rather low. Thus both the hot and cold fractions of the flow have lower exhaust velocities than the
exhaust of a simple turbojet, improving the propulsive efficiency of the engine and lowering the
fuel consumption rate.

Whereas the fan of a turbofan engine can operate at high-subsonic and supersonic speeds, at
lower subsonic speeds it may be replaced by an ordinary airplane propeller, further increasing the
efficiency. The propeller is still driven by the turbine of a turbojet engine, so this variation is called
a turboprop engine (Propeller-Turbinen-Luftstrahltriebwerk or PTL in German). A turbojet engine
designed for this purpose extracts almost all of the available exhaust energy in the turbine and not
the nozzle, in order to send as much power as possible to the propeller. The propeller typically has
a much larger diameter than the compressor and turbine blades, yet its tips should not approach
the speed of sound to avoid compressibility losses. Therefore, a gearbox usually gears down power
transmitted from the turbine shaft to a separate propeller shaft that rotates ~ 15 times more slowly.
Turboprop engines are basically turbofan engines with a very high bypass ratio (8 > 50) so that
the large majority of the thrust comes from the cold propeller flow and not the hot turbojet flow.
Because of their efficiency, they are widely used to power small, low-subsonic-speed aircraft.
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Just as the shaft power from a turbojet engine can be geared down to drive an airplane propeller, it
can also be geared down to power a helicopter rotor. This variation is called a turboshaft engine. The
power shaft may be taken from either the compressor end (as shown in the figure) or the turbine
end. In addition to aerospace applications, turboshaft gas turbine engines make excellent power
sources for other machines ranging from military tanks to submarines to electric power plants.

At supersonic speeds (say Mach ~2-3), the pressure increase due to stagnation effects in the
diffuser is so large that there is no need for an active compressor, and thus there is also no need
for a turbine to power a compressor, as shown in Fig. 9.53. Under these conditions, with the
moving parts inside a turbojet removed, the engine becomes a much simpler ramjet. To operate at
hypersonic speeds (Mach 5 and higher), the interior contours of the engine can be modified to make
it a supersonic combustion ramjet (scramjet). A ramjet engine can even be modified to operate at
subsonic speeds where the stagnation compression is relatively small, becoming a pulsejet whose
operation continually alternates between air intake and air combustion.
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Turbojet engine
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Figure 9.51: Turbojet engine design, showing a simplified view of its major components—the dif-
fuser, compressor, burner, turbine, and nozzle—as well as simple models of the pressure and tem-
perature at each point in the engine.
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Figure 9.52: A turbojet engine design may be modified to become a turbofan design (above), or a
turboshaft or turboprop design (below). In a turboshaft or turboprop design, the power shaft may
be taken either from the compressor end as shown or from the turbine end, and generally transfers
its power via a series of gears to an aircraft propeller or helicopter rotor shaft spinning at fewer
revolutions per minute.
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Figure 9.53: Bladeless aircraft engines include a pulsejet for subsonic speeds, a ramjet for supersonic
speeds, and a supersonic combustion ramjet (scramjet) for hypersonic speeds.
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Beginning in the nineteenth century, a long line of German-speaking creators invented, built, demon-
strated, and improved gas turbine engines, first for stationary power applications or land vehicles
and ultimately for aircraft. Some of the key early figures included:

e Franz Stolze (German, 1836-1910) began developing gas turbine engines in the 1860s and
continued building test models and filing patents into the early 1900s (Fig. 9.54).

e Joseph Wertheim (German, 1834-1899) filed patent applications on gas turbine engines be-
ginning in 1876 (Fig. 9.55).

e Christian Broker (German, 1877-1977) filed patent applications on gas turbine engines in
1889 (Fig. 9.56).

e Aurel Stodola (Austro-Hungarian Slovak, 1859-1942) developed gas turbine engines from the
1890s through the 1930s (Figs. 9.57-9.58).

e Hans Holzwarth (German, 1877-1953) filed a large number of patent applications on gas
turbine engines from around 1900 through the 1930s (Fig. 9.59). He built the first fully
functional gas turbine engine in 1906 and later founded his own company that manufactured
and sold gas turbine engines for industrial power production.

e Wilhelm Pape (German, 1877-1977) filed many patent applications on gas turbine engines
from the 1910s through the 1920s (Fig. 9.60).

e Karl Roder (German, 1881-1965) filed numerous patent applications on gas turbine engines
and built working versions from the 1910s through the 1930s (Fig. 9.61). As a professor at
the University of Hannover, he also taught younger gas turbine engineers.

e Karl Enders (German, 1877-1977) filed a patent application on gas turbine engines in 1925
(Fig. 9.62).

e Oscar Hart (German, 1877-1977) and Joseph Hetterich (German, 1877-1977) filed a patent
application on gas turbine engines in 1925 (Fig. 9.63).

e Hermann Oberth (Austro-Hungarian, 1894-1989), best known for his work on rockets (Section
9.7.1) and early space station designs (Section 9.10.2), also created very early designs for jet
engines. He filed a patent application on gas turbine engines for aircraft in 1925 (Fig. 9.64).

Some engineers outside the German-speaking world also proposed or worked on early gas turbine
engines, although they tended to be fewer in number, more isolated, and often less able to find the
support and resources required to fully realize their ideas. Some noteworthy figures were Agidius
Elling (1861-1949) in Norway, Gustaf de Laval (1845-1913) and the brothers Birger Ljungstrom
(1872-1948) and Fredrik Ljungstrom (1875-1964) in Sweden, Maxime Guillaume (1888-1977) and
René Anxionnaz (1894-1977) in France, and Charles Parsons (1854-1931) in the United Kingdom.
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Franz Stolze
(1836-1910)

Gas turbine engines

(1860s—1900s)

Date of Application, 28th Mar., 1898
c'ompreiu 8pecification Left, 28th Dec., 1898 —Accepted, 28th Apr., 1899

PROVISIONAL SPECLFICATION.
Improvements in Hot Air Engines.

I, Frawz Storz, of 23, Eichen Allee, Berlin-Westend, Germany, Doctor of
Philosophy, do hereby declare the nature of this invention and the manner in which
it is {0 be performed, to be particularly described and ascerlained in and by the
following statement :—

My invention relates to certain i ts in hot air engi Heretod
the compression and expunsion cylinders of hot air engines were made use of to
drive compressed air into the boiler, where it was heated and from whence it was
conducted into the expansion cylinder to therein do its work.

As the compression as well as the heating in the boiler cannot be carried
beyond a certain limit on account of the wear the machinery, the cylinders and
the pistons had to be made of very large dimensions, with the result that the
friction increased in proportion to the gain in piston surface.

The employment of inner boiler heating, aithough often, tried, has not been
found as protitable as expected on amccount of the getting hot of the lubricants,
which absolutely necessitates water cooling and on account of the imperfect
combustion even with liquid snd gaseous fuel. Solid fuel, even powdered coal,
cannot be made use of, as all experiments, to do away with the solid particles
in the smoke have met with a negative result.

My new engine has for its object the drawing out of all the caloric power out
of the fuel by doing away with the friction between the workl:;F WE and by
making innoxious all solid products of combustion in case id fuel in the
internal furnace is used.

In order to attain this end, I provide syst of ion and exp:
turbines in place of the ordinary ion and i lind

The number of single turbines, making up a system and being mounted
upon the same shaft, varies according to requirements. In front of each working
wﬂq! a rigid guide wheel is arranged. If compressed air now enters into such a

of turbines the latter will rotate in a sense opposite to the direction of

e lower ends of the turbine blades. If however the shaft is turned by some
means in the same direction as lie the lower ends of the turbine blades, the

sucks in air through the outer or first turbine.

Such & compression turbine. system is to be connected with a hot air furnace,
heving inner firing; the compressed wir is preseed into the furnace, heated and
then conducted to a correspondingly larger system of expansion turbines. The
latter will be rotated and will rotate in s part the compression turbine system
aforesaid. The air having increased in volume by the heating process will now
have a certain !urplulnog energy, which can be made use of in any desirable
manner. The two turbine systems preferably run on the same shaft, when
friction will be done -away with almost entirely. Turbines do not
need to be cked, only the shaft would have to run through a
stuffing box. however the iwo turbine systems are mwnfgd_upon tl_m same
shaft, no stuffing box is needed and the shaft runs in an airtight casing. A
disk mounted upon the shaft b the two syst of turb and being also

Ho. 667,744, Patented Feb. 12, 1901,
F. STOLZE.
HOT AIR ENGINE.
(Application fled Mas, 23, 1896.;
(o Model.)

X

INVENTOR
Frame Stolee

b )
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W o 2y Gz 22mar’
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Figure 9.54: Franz Stolze (1836-1910) began developing gas turbine engines in the 1860s.



9.3. JET ENGINES AND JET AIRCRAFT 1715

LW 3 Sheets—Sheet 1, 3 Sheets—Sheet 2.
- WERTHEIM. J. WERTHEIN.

ATMOSPHERIC GAS ENGINE. Joseph ATMOSPEERIC GAS ENGINE.

Patented Dec. 26, 1876.
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Figure 9.55: Joseph Wertheim filed patent applications on gas turbine engines beginning in 1876.
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Patent Nr. 2050
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Klasse 93

CHRISTIAN BROKER, in MANNHEIM.

Einrichtung fir Gas- oder Wassermotoren.

Der Gas- oder Wassermotor gegenwirtiger

mum Heben und Senken cingerichtete Steuer-

Erfindung besitst ein grosscs Schwungrad, auf | kaston ist mit seiner oberen Fliche dem Um-

dessen Umfang in avnhernd tangeutialer
Richtung die Kraft der Explosion des Grases,
oder die Kraft des Wasserdruckes wirkt, um
das Rad in Rotation zu versetzen und mit einer
daran befestigten Riemenscheibe die Kraft auf
Arbeitsimaschinen u. drgl. zu tibertragen.

Es ist auf der Zeichnung:

fang des Schwungrades angepasst. Auf der
Nabe des Schwungrades ist zum Heben und
Senken und Steuern die Nasenscheibe F mit
Feder und Nut verschiebbar befestigh. Anf
dersclben sitzt auch cin Zahnrad £ fir den
Gasmotor, um mit einer Pampe Gas und Luft
anzusangen und das Geemisch durch das

Fig. 1 dic Sei icht des Gasmotors;

Fig. 2 dic Vorderansicht desselben theil-
weise im Schnitt;

Fig. 8 die Ansicht der Steverungsmechanis-
men ete.;

Fig. 4 der Verti

ki

schuitt durch den Was-

sermotor;
Fig. 5 %ia Vorderansicht dessclben theil-
weise im Schnitt;

Fig. 6 die Ansicht der St

G in deu Steuerkasten einz-
driicken,

Die Mischung tritt aus dem Kanal H durch
eine Bohrung H* zu dem Drehschieber J, wel-
cher desclben hei entsprechender Stellung den
Einlass in den Explosionsraum €' gestattet,
worin die Mischung entziindet und so das
Sehwungrad € herumgedreht wird, Das Dreh-
schiebergehtiuse wird wiibrend einer Umdre-

nismen ete.

Der Gas- oder Was
Grandplatte wit einem
chem cin horizontalliegender Zapfen B, Fig.

r hat eino
1,

in “wel-

hung des grades mit drei Expl
riumen €' drei Mal geboben und gesenkt und
o8 erfolgt dioses durch die mit drei Nasen ver-
sehene auf dor Schwungradnabe verschiebbar
sitzende Scheibe F, welche durch den Hebel F*
mit der Zugst F* die auf der Drehschiel

4, befestigt ist, um den sich das Schwung
rad ¢ mit der Riemenscheibe D dreht, Das
Schwungrad € hat an scinem Umfang drei
Kammern C*. Die Kanten desselben sind cin-
gesohnitten und der unten auf der Bodenplatte

achso sitzonde Kurbel & dreht, womit anch die
anf derseiben Achso sitzenden Hebel K* und
K?* gedreht worden, von welchen der nach
unten stehende Hebel K* mit ciner Stange L*

die mit zwei Kurbeln I verbundene Stange L*
verschiebt und dadurch die Achsen L*® der
Kurbeln L dreht, auf welchen Axen je zwei
Exzenternasen L* angebracht sind, die den
Drehschieberkasten heben, um ihn wihrend
des Einstrd i und der

Der W Fig. 4, 5, 6, hat diesell
Anordnungen wie der Gusmotor, nitmlich cin
um den Zapfen B sich drehendes Schwungrad
€ mit drei Druckraumen C', einen sich heben-
den und senkenden Steverkasten und denselhen
D', um dem Zufluss des Wassers

des

Explosion luftdicht an das rotirende Schwung-
rad zuo dritcken und ibn darauf wieder davon
au entfernen, damit moglichst wenig Reibung
verursacht wird; der Drehschieberkasten fithrt
sich bei soiner Auf- und Abbewegung an vier
auf den Grandplatten befestigten senkrechten
Stiften M. Dor nach oben stehende Hehel K*®
ist durch eine Stange mit dem auf der Achse
des Auslassdrehschiebers N sitzenden Hebel K®
verbunden, so dass auch dieser Drehschieber N
gleichzeitig gebffuet und geschlossen wird. Die
verbrannten explodirten Gase treten durch die
Qeffaung N des Kastens und durch den Dreh-
schieber N in den Kasten und werden durch
ein Schlavchrohr N* abgeleitet.

Die Pumpe wird durch dio Zahnrider E, &'
angotrichen, indem an letaterem ein Kurbel-
zapfen sitat, an welchem die Kurbelstange &%
eingreift u. 5. w.

Der Regulator besteht sus einer in der
Rinnenscheibe D lanfenden Kugel DY, welche
mit dem Hobel 1* beweglich an den Hebel D®
angehiingt ist. Letztorer st auf der durch die
Achse B zentral hindurchgehenden Stange R
befestigt, welche hinten ein Segment R triigt,
das an seiner Unterfliche einen schriigen Ein-
schnitt fiir einen in denselben eingreifenden
Stift R? hat, welcher durch dic Drehung der
Stange R hin- odor hergeschoben wird und da-
durch mit der durch den Stinder 4 gehenden

vorzuheugen, wenn das Schwangrad zu schnell
rotirt. Der Stinder A wird als Windlessel
benutzt, Das Wasser tritt durch cin Ventil
in den Windkessel und in das Steuergehiiuse
ein, wirkt bei geiffnetem Drehschieber J im
Druckranm C* des Schwangrades ¢ und fliosst
darauf durch das Gehiiuso and das Sehlauch-
robr U ab. Fine Pumpe und die dazu gehirigen
inentheile sind nicht vorbanden, jedoch
sind zum Heben und Senken des Schicher-
gehinses und zum Drehen des Schiebers J die-
sclben wic vorher ang y
4.1 die auf der Schwungradnabe verschichbare
menterscheibe F, die damit bewegten Hebel
I, F* und K, zum Drehen des Schichers J,
und dic damit bewegten Hebel K, L', L*und L,
zum Heben und Senken des Steuorkastons
mittelst der Exzenternasen L ferner in Ver-
bindung mit der Regulatorkugel D' die Gabel
F* zum Verschieben der Scheibe Fauf der
Nahe des Schwungrades C, um bei zu schnellem
Gang der Maschine den Wasserzufluss abzu-
stellen,
Zum Betrieh der Maschine konnen anch
‘Wasserdampf oder andere Dimpfe verwendet
werden,

Parest-Axsericus:

1. Bine Einrich fiir Gas- oder Wasser-

Stange B°® und der Gabel F® die N: bLeibe
Fauf der Nabe des Schwungrades C verschiebt,
so dass die Nasen derselben nicht auf den He-
bel F wirken kdnnen und die Explosionen ans-
bleiben, wenn das Schwungrad £ za schoell
rotirt und die Kugel D' in der Rinnenscheibe I}
aus ibrer normalen Lage mitgerissen wird.
Die Zitndung erfolgt mittelst einer aussen
am Schiebergehiuse brennenden Flamme J,
welche durch einen kurzen Kanal in den Ex-
plosi O hineinschligt, wenn das Schi
bergehiiuse gehoben wird,

motoren, bestehend aus einfim um einen
festen Zapfen B rotirenden mit Druck-
riumen C? verschenen Schwungrad C, in
Verbindung mit einem Drehschicher-
webiinse, das sich hebt und senkt, was
durch die auf der Schwungradnabe ver-
schiebbar sitzende Nasenscheibe F' mit-
telst der Hobel F', F*, der Kurbeln K,
K', L und der Nasenexzenter L4 ge-
schicht, womit auch der Drehschicher J
geofnet und geschlossen wird;
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Christian
Broker
(1822

19??)

Gas
turbine
engines

(1889)

Bei der durch Anspruch 1 gekennzeich-
neten Motoreinrichtung die in der Rinnen-
scheibe D laufende Regulatorkugel DY,
welehe bei zunehmender Rotationsge-
schwindigkeit die durch den festen Zapfon
B hindurchgehende Stange B und damit
das Segment R' dreht, welehes mit einer
schriigen Nute den in derselben befind-
lichen Stift R* der Stange B® bewegt und
dadurch mit der Gabel F* die Scheibe !
verschiebt,

CHRISTIAN BROKER.
Vertreter: Ed. v. WALDKIRCH,

Figure 9.56: Christian Broker filed patent applications on gas turbine engines in 1889.
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Aurel Stodola
(1859-1942)

Gas turbine engines
(1890s-1930s)
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Figure 9.57: Aurel Stodola developed gas turbine engines from the 1890s through the 1930s.



1718

A, STODOLA.

E (A8 TUREINE.
P APPLICATION PILED APE. 26, 1805,
981,179, Patented May 9, 1911,
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No. 861,328, PATENTED JULY 30, 1907.
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Figure 9.58: Aurel Stodola developed gas turbine engines from the 1890s through the 1930s.
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H. HOLZWARTH,
Hans Holzwarth ==« sy L
H.HOLZWARTH, APPLIOATION FILID FEB.325, 1911,

ROTARY COMBUSTION ENGINE. 1,088,015. Patented July 16,1912
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(1900s-1930s)

- - o H. HOLZWARTH 1,829,749
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gas turbine
engine (1914)

H. HOLZWARTH. Nov. 3, 1931.
1,043,767, Patented Nov. 5, 1012 Filed Oct. 2, 1926
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Figure 9.59: Hans Holzwarth filed a large number of patent applications on gas turbine engines
from around 1900 through the 1930s.
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March 18, 1930. W. PAPE 1,750,814 W. PAPE.
' ELASTIO FLUID TURBINE.
APPLIOATION FILED DEO, 27, 1811

Filed Feb. 10, 1925 1,092,947. Patented Apr. 14, 1914

HIGH PRESSURE STEAM TURBINE

(1910s-1920s)

Fel
c
UL

ine engines

L LU

REICHSPATENTAMT

PATENTSCHRIFT

— M 411410 —

KLASSE 46f GRUPPE 1
(B 110792 1/461)

Wilhelm Pape (18??-19??) Gas turb

Firma Bergmann-Elektricitits-Werke, Akt.-Ges. in Berlin*).
Brennkraftturbine.
Patentiart im Deutschen Relche vom 19. August 1923 ab,

Es ist gel ich schon tels verhiltnismiBiy kurzer Kanile erfolgen as
worden, bei Brennkraftturbinen cine Mehr- kann.
nh!vunVﬂ'puﬁmgthmmKrum an: In der Zeichnung sind zwei AusfGhrungs-
uordnen und dabei mittels cines Rundschie- | beispicle der Erfindung veranschaulicht.

$ bers die Zufuhr von Gasgemisch und Spiil- \Tuhn\bbnﬂtmduingréb&ua\n
luft zu den Vq‘puﬂungshm m regeln. nhl im Kreise angeordneten Verpuﬁuns: 30
Erfindungsgemit soll nun bei einer derarti- & ein Ringk: fir G:
gen Turbine der Rundschieber so ausgebildet | und ¢ eine solche fiir Spiilluft. Zwischen den
werden, daB den EinlaBsffnungen der Ver. | beiden Ringkammem &, ¢ und den Verpui-

1o puffungskammern eine senkrecht oder nahe- J fungskammern a befindet sich <n Rund-

wu  senkrecht zur Turbi lle hieber d, der auf der Turbinenwelle sitzt 35
Fliche des Rundschicbers :ugeordncl m, und sowchl auf der den Verpuffungskam-
wilhrend sich zu beiden Seiten zyli mem @ ug ten Seite als auf der den
Abdichtungsflichen befinden. Die den Aus Ringl b, c keh Seite eine

15 laBaff der Ki fiir G senkrecht zur Turbinenwelle stehende Fliche

und Sp(.l.lluﬁ mgeu:dne‘e Schieberfliiche kann | aufweist. Dieser Rundschieber d besitzt im 40
dabei gleichfalls eine !enknchl oder nahezu | iibrigen Gber eine bestimmte Linge des Um-
cht zur Tu Fliche | fanges Schlitze e, f, durch die beim Betriebe
sein oder anch eine zylindrische Fliche. In | der Turbine die Verpuffungskammern _mit
20 jedem Fall wird durch die senkrechte oder | den Ringkammemn b, ¢ derart in Verbindung
nshezu senkrechte Anordnung der den Ver- | kommen, da.l) chu!.s Spilluft und Verbren- 45
puffung: ugeord: chi l der in die Verpuffungs-
fliche erreicht, daB die Zufithrung von Gas- l kammem eintreten. Wihrend der Zeitdauer
gemisch und Spiilluft in glinstiger Weise mit- | der Verpuffung selbst werden die Verpuf-

Figure 9.60: Wilhelm Pape filed many patent applications on gas turbine engines from the 1910s
through the 1920s.
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Tag n‘:r Bekanntinachung tber die Erteilung des Patents: 20, Februar l_qgo

Dr. Karl Rder in Hannover
Mehrstufige Turbine
Patentiert im Deatschen Reiche vom 22. September 1923 ab

Zur Vereinfachung und Verbilligung der
Herstellung von Schaufeln ist es im Turbi-
nenbau fiblich, die gleiche Schaufelbdhe fiir
mehrere Stufen von gleichem Beaufschla-
gungsdurchmesser zu verwenden. Handelt
es sich um eine Gleichdruckbeschaufelung,
bei der die einzelnen Rider nur teilweise,
und zwar von Rad zu Rad zunchmend, be-
aufschlagt werden, so kann man Gruppen von
Hochdruckstufen mit glnd:rn S-;haufelh&hen

aller Stufen die gleiche ist, so ist das Ver-

digkeit bei den einzelnen Stufen ciner Gruppe
verschieden groB, und zwar steigt dieses
Verhiltnis von der ersten bis zur letzten
Stufe jeder Gruppe mit der Dampigeschwin-
digkeit an.
Die Erfindung will nun einen guten Wir-
bei einer Turbine
mu einer udrr mduam Gmppen gleicher

PR

ausfihren. Auch fiir U

Sie besteht

teil, Gruppen g]emhef SchaufelhShe bei glu
chem  Beaufschl sdurchmesser,  Der-
artige Schaufelgruppen sind nun aber zur
Erzielung eines guten Wirkungsgrades bei
Dampfturbinen nicht gecignet, wie aus fol-
gender Uberlegung hervorgeht:

Wie bekannt, ist auf den Wirkungsgrad in
erster Linie das Verhiiltnis der Dampf- zur

Jenen :Ile S(ulen voIl lag wudrn,
Jere im Hi

Umfangsgeschwindigkeit von Einfluf, und |

darin, daf die. Beaufschlagungsdurchmesser
innerhalb jeder Gruppe genau oder nahezu
mit der O aus dem sp

Volumen des Treibmittels wachsen. Es sei

cinzelnen Liufer von mehrstufigen Turbinen,
also cin Wachsen der Schaufelkrinze in
Richtung des durchstrimenden Dampfes, be-
kannt ist. Bei dieser Anordnung bleibt aber
das Verhiltnis von Dampf- zur Umfangs-

zwar wird ein Wir bei

cinem bestimmten Wert dieses Verhiiltnisses |
erreicht, welches demnach fiir alle Stufen der |

Turbine vorliegen mu8. Wihlt man aber bei
|z’k:ch:r gleichen

h also gleichen Durch - |

que:s:hmu fiir die einzelnen Stufen, so
nimmt die Damp{]v:sdlwmdlgkm infolge der

it nicht gleich. Ein gleich-

bleibendes Verhiltnis jener Geschwindigkei-
ten und damit auch ein guter Wirkungsgrad
ergeben sich erst bei einer Turbine nach der
Erfindung, und zwar aus folgendem Grunde:
Zwei Stufen gleicher Schaufelhdhe mit
den Beauischlagungsdurchmessern d, und d,,
also dcn Umfangsgeschwindigkeiten u, und

Zunahme des
Dampies in jeder Stufe innerhalb der Gnlppe

ktisch die gleiche Dampf-

mmge vom spezifischen Volumen v, und v,. 65

PATENTSCHRIFT

M 60
KLASSE 62¢

1018
GRUFPE 120

R 79484 Xlj6z¢
Tag der Bekasmtmachung iber die Erteilung des Patents: 12.Juli 1934

Dr.-Ing. Karl Rader in Hannover
Turbinenantrieb fiir Luftfahrzeuge

TPatenticrt im Deutschen Reiche vom 12. Oktober 1929 ab

Bei der Ausbildung des Antriebes von
Luftfaly gen bat sich, vor allem bei der
gleichzeitigen Anwendung ciner groBeren Zahl
von Propellem, der Verschlag bewihrt, die
cvinzelnen l'lupnll:r m:hl. nebeneinander, son-

brachien Propeller antreibt. Der wesentliche
Voreeil des Antricbes gemiil der Erfindung
liegt darin, dali die Gegenlaufturbine axialer
Bauart mit geringen radialen Abpmessungen
gebaut werden kann, also den Luftstrom des

dern paarwcise hi

Als Antricbsmaschinen kiunen dabei ent-
weder  Verbrennungskraftmaschinen  oder
Dampfrurbinen verwendet werden. Die vor-
liegende Erfindung befaBt sich mit der Aus-
bildung des Turbinenantriches. Fiir diesen ist
bereits frilher vorgeschlagen worden, jedem
Propeller seine cigene Antricbsmaschine zu
geben, dic unabliingig von der anderen arbei-
tet und usabhingig von dieser gercgelt wird,
oder dic Antricbsmaschinen gegenliufig in
cinem Gebiiuse su vereinigen. Die Erfindung
hmhmm wr Luaung der Aufgabe, cmrn

Propellers p nicht stirt, im Gegen-
satz aur radial beaufschlagten Gegenlanf-
turbine, bei der die vorteilhafte Ausnutzung
des Dampfes nur unter entsprechender Ver-
groBerung des Durchmessers erzielt werden
kann. Aus dicsem Grunde ist die Gegen-
lavfturbine axialer Bauart besonders wert-
voll fiir dig bewihrte Propelleranordnung, be-
stchend aus Zug- und Druckpropeller, die
wiederum fiir die Turbine den Vorteil ciner
einfachen Wellenfilhrung ergibt, da man die
baulichen Schiwicrigkeiten der sonst erfor-

P

fiir L

len

:-nlmr!.c]n einen grundsiulich anderen Wrg
Die gleichachsige Anordmmg der beiden Pro-
|wl!cr wird beibehalten, aber die getrennten
Maschinen werden durch cine einrige Ma-

Die Turbine kann in cine Hochdruck- und
cine Niederdruckturbine in getrennten Ge-
hiusen unterteilt werden, wobei mindestens
die Hochdruckturbine als Gegenlaufturbine

bildet ist. Hochdruck- und Niederdruck-

schine, niimlich eine G e an
sich bekannter Bauart, erseizt, nimlich eine
vielstufige :un:z e erl:uiau!lu:lmn: oluu.- Leit-

maschine kdnnen auf besondere Propeller
arbeiten oder ihre Lr.mung an gemeinschaft-

kaniile mit i

und 2war in der Weise, dal ]tcle der Wellen

selbstindig und unabbingig von der anderen
oder fiber Gesch

licke Propellerwellen abgeb:

In der Abb.r ist ein Austuhrunx;buapxel
fiir den unmittelbaren Propellerantrieb durch
cine G axia'er Bavart darge-

triche je cinen der beiden an den entgegen-
gesetzten Enden des Maschinensatzes ange-

stellt. Mit a ist dic innere, mit b die dubere

Welle bezeichnet. Die Dampfrufilhrung er-

JET ENGINES AND JET AIRCRAFT

hiltnis der Dampf- zur Uwnfangsgeschwin- g5

hierzu bemerkt, daB ecine kegelige Form der go
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Tag der Bckanﬂmac.kwlg iber die Erfeillmg des i’m:m 16. April 1931

5:«;3-3. Karl Roder in Hannover
Gegenlaufturbine mit vorwiegend axialer Beaufschlagung
Patentiert im Doutschen Reiche vom 24, Juni 1926 ab

Zur wirtschaftlichen Verarbeitung kleiner
D-mpfmengen in Dampfrurbinen, insbeson-
dere in den Hochdruckstufen, ist die Verwen-
dung kieiner Beaufschlagungsdurchmesser er-
forderlich, damit die Schaufelhdhe einen klein-
sten Wert nicht unterschreitet. Damit ferner
die Stufenzahl nicht zu groB -vml erscheint

gefiihrt wird. Durch die neue Anordnung 35
wird erreicht, nur auf klei-
nem Durchmesser vorgenommen zu werden
brauchen, und da8 auch die Entlastung von
Axialschiiben nur auf kleinem Durchmesser
zu erfolgen hat. Die Walzenform der Liufer 4
ist besonders geeignet fiir hohere Driicke und

dic Ver dung von zwei im G m-

hohe Dy len, wihrend bisher bekannt
dene Vorschlige fiir lmgmlaufmrbmm

einander umlanfenden Wellen

Bisher ist es nur gelungen,
Bauarten ciner Gegenlaufturbine mit radial
hanfndnhgmn Stufen u achaﬁr.n Hier

deren Durchmesser weit grofer ist als der 43
Durchmesser der Welle. Die sich hierdurch
finstigen Verhiltnisse machen

steigt abe:
von S\ufc m Sluie 50 slxk, daB bei Zu-
fizhrung b Dampfes ung

Strémungsverhalinisse entstehen.
Gegenldufige Turbinen mit axialer Bnul-

derartige Turbinenbauarten ungeeignet fiir
hohe Driicke.

Abb. 1 stellt ein Amhthmhmplel dar, so
in uelchem mlt a du innere, mit b dcr dullere

schlagung sind zwar auch
worden, haben abér nie praktische Beckutung

peil I
Die Lagemug crln-lg-t bei d und d‘ die
Arbeit dumh

erlangt, weil die bisher bck.mnt

die Zs i llmd: Der D: 55

Vorschlige keine Grundl e
Ausfithrungen abgeben kdnnen. juiu\ialls
sind diese Vorschlige fir hochgespannten
Dampt 'mlhc ungeeignet. |

kann von einer oder von beiden Seiten durch

die Rohre f und f* erfolgen. In den Liufer-

korpern sind Rnhreg und g’ lullglxh an den
s0 daB der Wil

eine p

in den nicht 6o

bmm:hbam Bauart _ciner
Dampf- oder Gasturbine mit vmmqmd
axialer Beaufschlagung. Sie besteht darin,
daB die beiden Gegenlanfer vorwiegend wal-
zenfdrmig aufgebaut sind, wobei der eine
Teil der walzeniGrmigen Korpcr zur L:gc-

lnufschl'\gtm Teil jedes Linfers gering
ist. Die Zwischenriume & und K wer-
den zu dicsem Zweck mit Wirmeschutzmit-
teln gefiilit und gegebenenfalls auch luftieer
gemacht. Die am Ende des inneren Liuferso 65
kstufen ¢ sind in

rung, der andere Teil zur
schaufelung dient und der Dampf durrh emc
Mittenbohrung mindestens einer Welle zu-

der GroBe jhres Durchmessers nach innen
nur durch die Gréfe der Dampfzufiihrungs-

Karl Roder
(1881-1965)

Gas turbine engines
(1910s-1930s)

OSTERREICHISCHES PATENTAMT.

PATENTSCHRIFT N 112287.

Mehrstufige Dampf- oder Gasturbine.
Angemellet am 5. Jaoner 1928; Prioritit der Anmeldung fn Dearschen Refehe vom 5. Jianer 1927

meprueht.

vear
Begina der Patentdaner: 15, Oktober 1938,
1N \ eTarneitung aes Hoeharuexaamples 15 TUrDmen Ditel Senwiengkeilen, inbesondere, wenn
die Aufiabe gestellt ist, den Hochdruckdampf bis herunter sum kuml«-nmmudmk suszunutzen. n.

der Hochdruckdampf mit relativ kleinen

verarbeitet werden soll, so entsteht elne groBe Anzahl von Stufen, die in mehreren Gehilwsen untergebracht
& werden milssen. Eine m-lltrr Hrhii]hlnzdn Wiirnsegefilles und domit auch (Irr Stufenzahl ist notwendig,

wenn man zar Ve m grober T

anwendet.

f innerhalb der S ng

Anderseits ist mit Rocksicht anf die Betriebesicherheit und die Linge des Maschincnaggregates
eine Vermehrung der Gehdusezahl der Tarbinenanlage fiber drei hinaus kaum zulissig.
10 Die vorliegende Erfindung bexieht sich auf mehrstufige Dampf- oder G mit

awei Wellen in derselben Achse, zwischen deren Lagerstellcn in an sich bekannter Weise Teile der Turbines,
der angetriebenen )iakhun-n oder der Verbindungsglieder angeordnet sind. Bei diesen Maschinen werden
die erwihnten ieriy dadurch , daB beide gg ig zu betreibenden Wellen aber
ihee bemachbarten Lagerstellen hinaus derart verlngert sind, dab das eine Wellenende das andere

15 umschlieBt wed die beiden Enden in dem hiedurch gebildeten Zwischenraum axial beanfschlagte Schaufel-

kriinze tragen.
Ins der Zeichmung icht Fig. i
Turbine gemiB der Anmeldung. Das hohl aumhldm lu:de dar Welle ¢ nmmwm dn innere Wellen-
ende b im beschaulelten Teil und ist mit der Welle ¢ eines Stromerzeugers f aus einem Stiick hergestellt

20 oder starr gekuppelt. Der die Schaufeln tragende Teil a bildet somit eine axiale, freitragende Fortsetzung
der Stromerzeugerwelle ¢ und fibt auf diese insofern einen ginstigen Einflaf aus, als er doren groSte
Durehbiegung verriogert und damit gegebenentalls die kritische Drebzahl des Stremerzeugers Gber die
Betrichsdrehzabl verdegt, so da die kritische Drehzahl beim Anfahren und Abstellen der Maschinen
nicht durchfahren zu werden braucht.

% Abnlich wie der Laufer a kann auch der Liufer b in seinem beschaufelten Teil nur den Fortsatz
einer in der Figur nicht gezeichneten Welle bilden, die als Triiger weiterer Schaufelkrdnze dient und von
einem Geliduse umschlossen lst, dessen Abdampletutzen g ans der Zeichnung noch erkennbar jst.

Der g b sugefahee, u. zw., durch eine Bohrung
. An der Ei

wird, daB die vom Dampl sm

axialen Krilfte aufgeboben ued von der

wird der

der Welle b oder wie dargestellt, durch die Bohrung ¢ der
80 des Dampfes ist eine Stop I die derart

braufsehl; andern Well de aul die Welle b

Lagerung ferngehalten werden.

Die Welle b kann auch (wie a) als F ng einer S |!

die beiden Stromerzeuger auf dasselbe Netz alh@lleu aleo elektricch gekuppelt siml.
£ In Fig. 2 ist ein weiteres Ausfthrungsbeispiel dargestellt. Hier bedenten wieder o und & den Hoch-

druckteil der mehrstufigen Turhine, deren Liufer durch die ber das Lager m hinaus verlingerte Welle k

in der Mitteldruckturbine ¢ und durch die Ober das Lager » hinaus verlingerte Welle ¢ der Niederdruck-

turbine ¢ gebildet werden. Die Welle h ist auBerdem bei o, die Welle ¢ bei p gelagert. Zwischen den beiden

Lagern a und o sind also die Laufkrinze der Teilturbine g, xwiechen den Lagern p und o die Laufkrinze

sein, wobei

Figure 9.61: Karl Roder filed numerous patent applications on gas turbine engines from the 1910s
through the 1930s.
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Karl Enders (18??-19??)

Gas turbine engines (1925)
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20 fest gelagert ist.

30 Ubersetzungsverhiltnis betrage 6 : 1.
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PATENTSCHRIFT

M 451778
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Tag der Bekannimachung iber die Erteilung des Patents: 13. Oktober 1927

Karl Enders in Dresden
Brennkraftturbine mit um die Welle liegenden Brennkammern

Patentiert im Deutschen Reiche vom 6.Dezember 1926 ab

Die Erfindung betrifft Brennkraftturbinen
mit um die Welle liegenden Brennkammern,
deren Ein- und Auslisse durch um die Lauf-
radachse umlaufende Schieber geregelt werden.

5 Man hat bereits Turbinen vorgeschlagen,
bei denen das Laufrad selbst als zylindrischer
Drehschieber zur Regelung des Treibmittel-
austrittes ausgebildet ist, und zwar derart, daB
sich auf dem Umfange des Radkérpers Gruppen

10 von Laufschaufeln und Steuerfiichen abwech-
seln. Die Zahl der Gruppen wird hierbei von
der Zahl der Brennkammern bestimmt. Der

schieber, der untersetzt angetrieben wird, ge-
bildet werden. Diese Anordnung beseitigt die 35
Ventile an der Turbine véllig, insbesondere
auch auf der TreibmitteleinlaBseite.

Ein weiterer Vorteil der Erfindung besteht
darin, daB die Brennkammern nach auBen ge-
legt sind, um so fiir das Gehéuse und den Dreh- 40
schieber eine groBe Kiihifliche zu erhalten. .
Die Austrittsregelung der Gase aus den Kam-
mern erfolgt erfindungsgemaB durch Gruppen
von diisenformigen Kanilen im Regelungs-
schlitz des Drehschiebers iiber einen Bereich 45

Gesamtwirkungsgrad solcher Anord ist
jedoch ein schlechter, einmal, weil eine groBe
15 Zahl von Verbrennungen auf einen Umlauf
des Laufrades kommt, sodann aber auch, weil
bei einer grofen Drehzahl und Umlaufgeschwin-
digkeit der Steuerflichen sich unzureichende
und mnicht iiberwachbare Verhdltnisse bei der
20 Fiillung, Entspannung und Spiilung ergeben.
Dadurch ist die Erreichung héherer Geschwin-
digkeiten praktisch unméglich.
Nun hat man weiter bereits von der Laufrad-
achse untersetzt angetriebene und um diese
25 umlaufende Drehschieber vorgesehen, um durch
sie den Austritt der Gase zu regeln und durch
cine Diise auf den im Inneren des Schiebers
befindlichen Laufradkranz geleitet.
Durch die Erfindung sollen neue Vorteile
30 erreicht werden. Sie besteht darin, daB die
Steuerfliichen durch einen besonderen, fir Aus-
lafiregelungen an sich bekannten, auf der Lauf-
radachse der Turbine lose drehbaren Dreh-

fliche &, und d,, in denen die Ein- und Aus-
trittséffnungen fiir den Betriebsstoff unterge-
bracht sind. AuBere Ringkanile b und ¢ sind
fir die Zufithrung von Gasgemisch und Sptl-
5 luft vorg Der Drehschieber d besitzt
in seinen zylindrischen Flichen d, und d, ent-
sprechende Offnungen ¢ und f zur Regelung
von Gemisch und Spitlluft sowie diisenformige
Austrittssfinungen g fiir die Gase, wihrend
10 die fibrige Fliche jeweils die Brennkammern
wihrend der Verdichtungszeiten bis zur er-
folgten Ziindung geschlossen hélt. /4 sind Laby-
rinthdichtungen, und ¢ ist das Laufrad. Die
Abgase werden im Raum % gesammelt und ab-

15 gefihrt. Zusammen mit dem Laufradé ist

auch ein Zahnrad! auf der Turbinenwelle
befestigt, das mit zwei Zwischenridern # und o
im Eingriff steht, von denen wenigstens #
mit einer Achsep iin Deckelg der Turbine
Dieser sowie der Gehiuse-
deckel » enthalten die Lagers der Wellem.
t sind Ziindkerzen. e
Die anderen zum Betrieb der Turbine ge-
hérigen Teile sind nicht mit eingezeichnet.

25 Im Ausfiihrungsbeispiel sind sechs Brenn-

n g Der Drehschieber ist
symmetrisch mit zwei Gruppen von Ein- und
Austrittséffnungen fir Gasgemisch und Spiil-
luft und fiir gespannte Gase gezeichmet. Das
Auf
eine Umdrehung des Drehschiebers kommen
demnach sechs Umliufe -des - Laufrades und
zwolf Zindungen.

Bei einer groBeren Zahl von Brennkammern

35 kann man die Gruppeneinteilung noch weiter

treiben, so daB beispiclsweise bei 12 Kammern
die 1, 4, 7, 10; 2, 5, 8, 1I; 3, 6, 9, 12 gleich-
zeitig arbeiten.

1 den Austrittstfinungen mindestens
zweier benachbarter Brennkammern.  Auf
diese Weise wird dem Austritt der Gase ein
groBerer Zeitraum gelassen als bisher und
gleichzeitig ihmen iiber die Gesamtdauer des so
Austrittes die gleiche Richtung gegeben.

Die in der Zeichnung dargestellte Ausfiih-
rungsform stellt einen neuen Typ von Brenn-
kraftturbinen dar, der insbesondere eine enge
Banart aufweist, die die Ausnutzung der Gase 55
in mehreren Stufen gestattet. Die Anordnung
der Innenverzahnung am Drehschieber bietet
hierbei nicht unwesentliche bauliche Vorteile.

Bild 1 zeigt einen durch die Turbine mit
Ausnahme der Ubersetzungsrider gelegten 6o
Lingsschnitt,

Bild 2 einen Querschnitt hierzu in der Rich-
tung I zu I in Bild 1.

Die Brennkammern @ sind am Umfange der
Turbine angeordnet. Sie haben je eine duBere 65
und eine innere zylindrische Begrenzungs-

PATENTANSPRUCHE:

1. Brennkraftturbine mit um die Welle
liegenden Brennkammern, deren Ein- und
Auslisse durch um die Laufradachse um-
leufende Steuerflichen geregelt werden, da-
durch gekennzeichnet, daBl die Steuer- 45
flichen durch einen besonderen, fiir Auslaf-
regelungen an sich bekannten, auf der
Laufradachse lose drehbaren, untersetzt an-
getriebenen Drehschieber gebildet werden.

2. Brennkraftturbine nach Anspruch 1, so
dadurch gekennzeichnet, daB von den zwei
konzentrischen Zylindersteuerfiichen des
Drehschiebers die duBere den EinlaB der
auBerhalb gelegenen Gas- und Luftzulei-
tungen nach den zwischen beiden gelegenen 55
Brennkammern und die innere den AuslaB
aus diesen nach den Laufradschaufeln fiber-
wacht und daB die Auslafdiisen in dem
inneren Zylinder den bis dahin von aufen
nach innen gerichteten Weg der Arbeits- 6o
mittel in einen axial oder nahezu axial
gerichteten gegen die Laufradschaufeln um-
lenken.

3. Brennkraftturbine nach Anspruch I,
dadurch gekennzeichnet, daB der den Aus- 65
1aB der gespannten Gase freigebende Rege-
lungsschlitz sich iiber einen Bereich zwi-
schen mindestens zwei benachbarten Brenn-
kammeraustrittséffnungen erstreckt und in
diesem dfisenformige Kanile (g) vorgesehen 7e¢
sind, die dem Betriebsmittel iiber die Ge-
samtdauer des Austritts die gleiche Rich-
tung geben.

4. Brennkraftturbine nach Anspruch I
und 2, gekennzeichnet durch eine Inmen- 75
verzahnung am Drehschieber.

40

Figure 9.62: Karl Enders filed a patent application on gas turbine engines in 1925.
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Tag der Bekannimachung iiber die Erteihing des Patents: 25. April 1929

Oscar Hart und Joseph Hetterich in Miinchen

Brennkraftturbine mit umlaufenden, auf einem Radkranz angeordneten Brennkammern

Patentiert im Deutschen Reiche vom 18. September 1925 ab

Gegenstand der Erfindung ist eine Brenn-
kraftturbine mit umlaufenden, auf einem Rad-

kranz angeordneten Bremnkammern. Die be- |

kannten Brennkraftturbinen dieser Art sind
so beschaffen, daB die Beschickung und Ent-
liftung der Brennkammern sowie die Ab-
stromung der Verbrennungsgase seitfich, also
in axialer Richtung, und die Zindung des Gas-
gemisches gleichzeitig mit dem Abstromen in
dic Leitschaufeln erfolgen. Hieraus ergeben
sich verschiedene Nachteile, welche die Be-
dienung der Maschine erschweren und deren
Wirkungsgrad vermindern. Die seitliche Be-
schickung erfordert zwangliufig den Einbau
der Steuerungsorgane, Ventile und Zindein-
richtungen im Innern der Maschine, so daB sie
schwer zuginglich sind und Betriebsstérungen
beim unregelmiiBigen Arbeiten dieser’ Organe
nur durch schwierige und zeitraubende Arbeiten
behoben werden kénnen. Das mit der Ziindung
gleichzeitig abstromende Gasgemisch verbrenn!

schaufelausldsse hinter der zugehdrigen Ziind-
stelle ansetzen.

Der Einbau der Zimdmittel, Ventile und
Stenerorgane in Radialkandlen ist einfach
durchzufiihren, ebense lassen sich diese Organe
leicht iiberwachen, regeln, instand halten und
instand setzen, wodurch der Betrieb wesentlich
gefordert wird. Die Zuriicksetzung der Leit-
schaufelauslisse fithrt zur gleichmabigen und
vollstindigen Verbrennung des Gemisches, so
daf8 sich der Druck der Verbrennungsgase
jeder Brennkammer zu einem gleichmifligen
Verpuffungsdruck ausgleichen kann.

Auf der Zeichnung ist eine Brennkraftturbine
nach der Erfindung in einer Ausfiihrungsfcrm
beispielsweise in Abb. 1 im Querschnitt und in
Abb. 2 im Hohenschnitt dargestelit. Abb. 3
zeigt die Anordnung von cinzelnen Teilen der
Turbine.

Hierbei ist T das in der Mitte der Turbine
befindliche, von der hohlen Welle g mitge-
Triebrad, welches in seinem Kranz

nicht gleichmiiBig und unvollstindi durch
sich ein uneinheitlicher, die Leistung der
Turbine herabsetzender Verpuffungsdruck er-

ibt.

Mit der Erfindung wird die Beseitigung dieser
Nachteile bezweckt. Die neue Erfindung be-
steht darin, daf die Beschickung und Entliiftung
der Brennkammern radial von aufen, die Ab-
strémung der Verbrennungsgase dagegen beider-
seits des Triebrades axial erfolgt, wobei die
das

Triebrad seitlich ecinschlieBenden Leit-

in bekannter Weise eine Anzahl. z. B. fiinf,
Brennkammern 2 enthilt, welche gegen das
Gehiuse 3 bei 4 abgedichtet sind. Aus jeder
Brennkammer fithren winklig zur Achse liegende
Diisen 5 in die Seitenwénde des Triebrades I.
Dieses ist durch eine Mittelwand 6 geteilt, welche
nahe ihrem Rande Durchlisse 7 besitzt. Beide
Triebradhilften stehen mittels Bohrungen 8
mit der Hohlwelle g zwecks Erzielung einer
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Oscar Hart (18??-19??) and
Joseph Hetterich (18??-19?7?)

Gas turbine engines (1925)

des Triebrades sitzen auf der Welle g ein oder
mehrere am Umfange mit Schaufeln 11 be-
setzte Laufrider 1o.

Zwischen dem Triebrad 1 und den sich an-
schlieBenden Laufridern 1o und, wenn mehrere
der letzteren vorhanden sind, auch zwischen
je zwel benachbarten Laufridern sind an ring-
formigen Zwischenwinden des G Leit-

sofort abstiémen zu kénnen, da die Leit-
schanfeln 12 erst hinter der Ziindstelle 16 an-
setzen. Dadurch ergibt sich ecinerseits eine
Reihenziindung und a its eine Aus-
gleichung des Verpuffungsdrucks der Ver-
brennungsgase, welche dann gleichférmig und
vollstandig verbrannt seitlich, also axial zu
denLeitschaufeln 12, abstromen und die Turbine

schaufeln 12 } welche, ent hend
der Aufeinanderfolge der Verbrennungsvorginge,
nur auf einem Teil des Umfangs ihrer Triger,
also absatzweise, angeordnet sind. Im Gehiuse
vorgeschene Ringkanile 13 dienen zur Ab-
leitung der Abgase; der Gehamsemantel 14
bildet einen Teil der Kithlung.

GemiB der Erfindung sind nun die zum
Betriebe der Turbine erforderlichen, vom Trieb-
rad 1 gestenerten Kanalsitze, und zwar Brenn-
stoffeinial 15, Zindkanal 16 und Entliftungs-
kanal r7, radial im Gehduse angeordnet. Wie
aus Abb. 2 ersichtlich, sind bei der gewihlten
Ausfithrungsform drei solcher Kanalsitze vor-
gesehen.

Die Leitsch In 12 setzen erfind
etwas hinter dem zugehérigen Ziindkanal 16
an und enden in der Nahe des Entliiftungs-
kanals 17.

Die Wirkungsweise der Turbine ist folgende:

Die jeweils dem BrennstoffeinlaB 15 gegen-
fiberliegende Brennkammer z wird radial von
auflen mit dem fitssigen oder gasfGrmigen
Brennstoff beschickt, wozu sowohl ein ge-
steuertes EinlaBventil als auch ein Einla8-
schlitz in Verbindung mit einem unter Druck
stehenden Brennstofigemischbehilter Verwen-
dung finden kann.

Nach dem Anwerfen der Turbine kommt
die beschickte Bremnkammer 2 zum Ziindkanal
16 mit Ziindkerze oder Gliihrohr, wodurch
sich das Gi isch iindet, ohne jedoch

-
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in Bewegung halten. Die beschickte Brenn-
kammer kommt sodann in den Bereich des
Entliiftungskanals 17 und wird, z. B. mittels
eines Schlendergeblises, radial entliiftet, welches
anch die Leitschaufeln 12 und Laufradschaufeln
11 entliiftet und kiihlt. Die neuerliche Be-
schickung der entleerten Brennkammern erfolgt
erst dann wieder, wenn die Diise 5 gegen die
itschaufeln 1z ab ist.

Die Taktvorginge spielen sich dabei in der
Weise ab, daB die Ziindungen nach Maligabe
der Brennkammernstellung gegeniiber den Ziind-
kanilen erfolgen.

PATENTANSPRUCH:

Brennkraftturbine mit umlaufenden, auf
einem Radkranz angeordneten Brenn-
kammern, dadurch gekennzeichnet, daf die
Beschickung und Entliiftang der Brenn-
kammern {z) radial von auBen und die Ab-
strtomung der Verbrennungsgase beider-
seits des Triebrades (1) axial erfolgt, wobei
die das Triebrad seitlich einschlieBenden
Leitschaufelauslisse (12) zur Erzielung einer
gleichférmigen und vollstindigen Verbren-
nung des Gemisches hinter der zugehdrigen
Ziindstelle (16) ansetzen, so daB sich der
Druck der Verbrennungsgase jeder Kammer
(z) vor dem Abstrémen durch die Leit-
schaufelauslisse (12) zu einem gleichmaBigen
Verpuffungsdruck ausgleichen kann.
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Figure 9.63: Oscar Hart and Joseph Hetterich filed a patent application on gas turbine engines in

1925.
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ABb. 1.

Figure 9.64: Hermann Oberth filed a patent application on gas turbine engines for aircraft in 1925.
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Hermann Oberth (1894-1989)

Gas turbine engines (1925)
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Hermann Oberth in Mediasch-Medias, Ruméanien.

Brennkraftturbine

mit Hilfsfliissigkeit.

Patentiert im Deutschen Reiche vom 19.Februar 1925 ah.

Bei Dekannten Brennkraftturbinen, bei
welchen cine in einem Zylinder gestaute
Flitssigkeit durch  die
auf eine Turbine geeigneter Bauart getrichen
wird, wird die ganze innere Zylinderober-
fliche durch die Fliissigkeit benetzt und ah-

gekiihlt. Infolgedessen verliert das Gas be- |

reits anfangs viel Warme, was bei der hohen
Anfangstemperatur einen hedeutenden Ener-
gieverlust und eine wesentliche Verschlechte-
rung des Wirkungsgrades zur Tolge hat.
Wollte man die Kuhlung und Benetzung des
oheren Zylinders dadurch verhiiten, dafl man
den Zylinder nur teflweise mit Flinssiglei:

mittelhar auf der Oberfliche der Flitssig-
keitssiule hilt. Die abdichtenden Teile des
Schwimmkdrpers  sind  zweckmifig —aus
clastischem  Stoff.  Stempel und Schwimm-
kérper sind durch eine Fiihrungsstange im
Zylinder so gefiihrt, dali sie die Zylinder-
wandungen nicht berithren. Die Fiihrungs-

stange ist nmach unten verlingert und trigt |

einen Schieber, welcher in der oberen Tot-
punktstellung die Fliissigkeitszufuhr schwiicht
oder ganz absperrt.

Die Zeichnung zeigt eine Ausfiihrungs- |

form der Erfindung, und zwar

Abb. 1 den Zylinder im Schnitt bei oberer |

Totpunktstellung des Stempels,

AbD. 2 desgleichen bei unterer Totpunkt-
stellung des Stempels,

Abb. 3 einen Schnitt nach Linie A-B zu
Abb. 1,

Abb. ¢ cinen Schnitt nach Linie (-D zu
Abb. 2.

Durch dic im Zylinder @ gestaute Fliissig-
keitssiule (Abb. 1), deren Spiegel durch
strichpunktierte Linien angedeutet ist, wird

. cin Stempel b getragen, dessen Form der

des Zylinders angepaBit und dessen Quer-
selmitt etwas kleiner als der des Zylinders
ist. Stempel b ist durch cine Stange ¢ mit
einem Schwimmldrper d fest verbunden,
welcher in der in Abb. 1 gezcichneten Stel-
lung mit seiner oben abgeschriglen und
zweckmiiBig mit Gummi helegten Kante gegen
einen in den Zylinderquerschnitt ragenden
Ring ¢ anliegt und so das Einstrémen von
Fliissigkeit in den dariiberliegenden Zylinder-
raum verhindert, Auf diese Weise ist er-
reicht, daB der Fliissigkeitsspiegel die durch
die  strichpunktierten Linien angedeutete
Grenze niemals fiherschreiten kano. Fiih-
rungsstange ¢ ist nach unten verlingert und
triigt einen Schieber f in Form eines Hohl-

zylinders, welcher in der cberen Totpunkt- |

stellung die Mindung des Zuleitungsrohres ¢
der Fliissigheit ganz oder teilweise abschlieBt.
Tn seiner unteren Totpunktstellung (Abb. 2)
schlieft der Schwimmk&rper d den Abflub
der Tliissigkeit, so dall das in dieser Abbil-
dung chenfalls strichpunktiert angedeutete
Niveau der Fliissigkeitssiule diese Grenze
nach unten nicht iiberschreiten kann. Die
nach unten abdichtenden TFlichen des
Schwimmkérpers d  sind aus geeignetem
elastischen Stoff A zum Zweck, den Stofl
aufzufangen. Die Stange c ist an zwei Stel-
len gefiillirt (Abb.3 und 4), so da weder
der Stempel noch der Schwimmkdrper die
Zylinderwandungen berithrt. Hierdurch wird

Verbrennungsgase

‘f{illt, so entstiinde ein grofer schidlicher
- Raum, der chenfalls den Wirkungsgrad der
Maschine herabsetzen wiirde.

Die Erfindung will dizsen Nachteil wver-
meiden. Sie besteht darin, dafl die Fliissig-
keitssiule einen Stempel trigt, welcher eine
Fillung des Arbeitszyvlinders mit Fhissigkeit
ohne Bildung cines schiidlichen Raumes ge-
stattet. Der Stempel ist mit cinem Schwim
korper fest verbunden, welcher in d
Totpunktlage das Einstrémen von I
in den daritherfiegenden Zylinderraum., in
der unteren Totpunktlage den Ablauf der

Fliissigkeit verhindert und den Stempel un-

1 die Innenauskleidung des Zylinders geschont

und Reibungsarbeit vermieden.
Die Arbeitsweise der in den Abb. 1 und 2
dargestellten Vorrichtung ist folgende:
Durch das Wasserzuleitungsrohr g wird
Wasser in den Arbeitszylinder eingelassen, so
| lange, bis Stempel b seine oberste Stellung
erreicht hat und SchwimmkGrper d gegen
l Ring e anliegt. Gleichzeitig wird die Wasser-
zuleitung durch Schieber f abgeschwiicht oder
f ganz gesperrt und mittels des bisher ge-
schlossenen Dreiweghahnes 1 die Gaszufuhr
freigegeben, Unter dem Einfluf des expan-
dierenden Gases wird die in dem Zylinder ge-
staute Flitssigkeitssiule durch ein Rohr k der
Turbine zugefithrt. Durch Umstellen des
Hahnes ¢ wird anschlicbend die Auspuffofi-
nung freigegeben, so daB durch dic erneut in
den Zylinder cinstromende  Tliissigheit
Schwimmer d und Stempel b wieder hochge-
hoben und die Verbrennungsgase ausgepufft
werden.

PATENT-ANSPRUCHE:

I. Brennkraftturbine, bei welcher die
Verbrennungsgase eine  Hilfsfliissigkeit
aus einem Behilter auf eine Turbine trei-
ben, dadurch gekennzeichnet, dafl die
Fliissigkeit einen Stempel (b) trigt, wel-
cher eine Fitllung des Arbeitszylinders ( @)
mit Fliissigkeit ohne Bildung eines schid-
lichen Raumes gestattet.

2, Turbine nach Anspruch 1, dadurch
gekennzeichnet, daB der Stempel (D) mit
cinem Schwimmkérper (d) fest verbunden
ist, welcher in der oberen Totpunktlage
das Einstrémen von Fliissigkeit in den
dariiberlicgenden  Zylinderraum, in der
unteren Totpunktlage den Ablauf wvon
Flissigkeit verhindert und den Stempel
unmittelbar auf der Oberfliche der Fliis-
sigheitssiule hilt.

3. Turbine nach Anspruch 1 und 2, da-
durch gekennzeichnet, dab die abdichten-
den Teile des Schwimmkdrpers aus elasti-
schem Stoff bestehen.

4. Turbine nach Anspruch I bis 3, da-
durch gekennzeichnet, dafi Stempel und
Schwimmkdrper durch eine Fithrungs-
stange (c) im Zylinder (a) gefithrt sind,
so dafi sie die Zylinderwandungen nicht
heriihren.

5. Turbine nach Anspruch 1 bis 4, da-
durch gekennzeichnet, daB die Fiihrungs-
stange einen Schieber (f) tragt, welcher in
der oberen Totpunktstellung die Fliissig-
Leitszufithrung absperrt.

CHAPTER 9. CREATORS AND CREATIONS IN AEROSPACE ENGINEERING
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One of the most important figures in the development of jet technology was Hans von Ohain
(German, 1911-1998), a young physicist who dreamed of creating practical jet engines and aircraft.
Working with the mechanic Max Hahn (German, 1877-1977), von Ohain designed his first prototype
jet engine in 1933 and demonstrated it in 1935 (Fig. 9.65, top). Von Ohain’s biographer Margaret
Conner described the prototype [Conner 2001, pp. 38-39]:

Von Ohain said that in a little storage room behind the shop, “We made a little model
according to my own sketches. It was about three feet in diameter and about one foot
wide. The blades were made of heavy sheet metal. Almost nothing was welded because
Hahn was more a man for clean machining operations, and for fastening with bolts
and nuts.” It was a pancake engine for either vertical or horizontal thrust, a very light
design. [..]

Von Ohain moved his device to the back room of the Bartels and Becker garage. It
was exciting to von Ohain and Hahn if the device worked at all. Each time the model
was tested, long yellow flames streaked out. [...] Max Hahn, normally very stern and
skeptical, seemed in this instance to be quite positive and optimistic. He conceded, in a
rare glimpse of a sense of humor, “At least the flames came out of the right place,” and
with high velocity. The engine did not self-sustain but did result in the unloading of the
starter [doing the work of the starter motor when burning]. Instead of the pounding of
the conventional engine there was a smooth flow of power, and a new sound, a piercing
whistle.

The 1935 prototype jet engine of von Ohain and Hahn caught the attention of Ernst Heinkel
(German, 1888-1958), a politically very powerful aircraft manufacturer who hired them in 1936
and provided them with all the resources and long-term support needed to build and test improved
versions such as the HeS 1 (Fig. 9.65, bottom) [Conner 2001, pp. 61-62]:

The project engine was designated the He S 1, He S for Heinkel-Strahltriebwerk (Heinkel
jet engine). The He S 1 engine was made essentially of sheet steel fabricated at the
Marienehe works and disks created at a nearby shipyard. It consisted of a back-to-
back radial compressor and a radial inflow turbine. The rotor diameter was 12 inches
(300 mm). The demonstrator combustor did not present any significant problems. The
engine operated at a speed of 10,000 rpm and produced a thrust of 250 lbs (1.1 kN).
It performed flawlessly under design conditions and during transient acceleration and
deceleration. The sound was smoothed and focused, and the size of the unit was suitable
for an aircraft. [...]

The He S 1 engine was completed and installed in the test bed about the end of February
1937. Von Ohain said that the first test took place in March 1937.

A further improved engine, the HeS 3 (Figs. 9.66— 9.67), was first run in March 1938. It was then
installed in a Heinkel He 178 aircraft, which in August 1939 became the world’s first operational
jet plane. Sterling Pavelec, professor of aerospace history at the USAF Air Command and Staff
College, described the first test flight [Pavelec 2007, p. 22]:
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On August 27, 1939, Heinkel test pilot Erich Warsitz lifted off the airfield at Marienehe
completing the first ever jet flight. The Heinkel team had ushered in a new era of
aeronautical engineering. |...]

The HeS 3b turbojet that powered the Giinther’s He 178 V1 produced 500 kg (1,100
Ibs) thrust. The plane was designed around the engine, with the air intake in the nose
and a tubular frame that housed the centrifugal-flow engine. Warsitz took off for the
first time in a turbojet-powered aircraft and achieved a top speed—with the wheels
down—of 300 kmph (187 mph). Warsitz was also the first to suffer a jet bird strike,
which cut his flight short, but without substantial damage to the airplane or engine.

That initial single-engine jet aircraft was followed by the twin-engine He 280 jet aircraft in early
1941, using the newest HeS 8 engines (Fig. 9.68, first run September 1940) [Pavelec 2007, p. 28|:

The He 280 airframe was prepared, and the anticipated HeS 8a engines were finally
ready by March 1941. [...] The first engines were delivered, the plane was readied, and
the chief test pilot Fritz Schéfer was able to make the first flight in the twin-engine He
280 on March 30, 1941. The plane tested well|....]

Von Ohain and his collaborators such as Max Hahn and Wilhelm Gundermann (German, 1904—
1997) developed a long series of ever-improving jet engines in the 1930s and 1940s. Figure 9.69
shows Heinkel and von Ohain celebrating the flight of the He 178 in 1939; it also shows von Ohain’s
last known completed wartime engine, the He S 011, which he developed with Max Adolf Miiller
(German, 1901-1962) in 1943.

In addition to the He 178 and the twin-engine He 280 jet fighter, Heinkel’s wartime team developed
He 162 jet fighters (p. 1699) and apparently even intercontinental jet bombers (Section E.1).

After the war, von Ohain helped develop a wide range of jet and rocket engines in the United
States.
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Max Hahn with the b
first von Ohain-Hahn L
turbojet engine by \\\1 Flow through
(designed 1933, ¢ von Ohain-Hahn
first run 1935) HeS 1 turbojet
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Figure 9.65: Top: Max Hahn with the first von Ohain-Hahn turbojet engine (designed 1933, first
run 1935). Bottom: Flow through von Ohain-Hahn HeS 1 turbojet engine (built 1936, first run
March 1937).
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Patented Sept. 16, 1941

UNITED STATES

2,256,198

PATENT OFFICE

2,256,198
AIRCRAFT POWER PLANT

Max Hahn,

, Seestadt Rostock, Germany, assignor

to Ernst Helnkel, ‘Warnemunde, Germany
Arpwlm u..y 31, 1939, Serial No. 276,572
Germany May 27, 1938

6 Claims.

The invention relates to a power plant, espe-
clally a propulsion unit of alrcraft, due to the
reaction or rocket effect, with an alr compressor,
a combustion plant and & gas turbine driving the

]

COMPpressor,
Object of the invention is to provide a driving
apparatus of little weight, which is compact and
in which difficulties for journalling are avolded.
A further object of the invention is to provide
an apparatus which is especially adapted for fast 10
afrcraft.

A further object of the invention is to reduce
the frontal face of the apparatus and thereby its
resistance against the flow of air by a sultable
location of the combustion chamber. This fea- 15
ture is of great importance for manufacturing
very fast aircraft.

A further object of the invention is to branch
part of the air compressed by the compressor and
to mix this branched air with the combustion 20
gases of high leaving the

(CL 60—35.6)

the inlet aperture of the blower as well as at the
outlet aperture of the turbine the vanes (U and
11 are bent off at 13, At the outlet aperture 6 is
provided = flow element 21 which Is intended to
prevent the formation of eddies.
The housing 4 encasing the blower | and the
turbine 3 carries at its front end the annular
ber 2, a portion of
which, in the example illustrated, Is constituted
by a simple shell 14 which is flanged on to the
housing & and in which fuel inlets I§ are ar-
ranged. Within the combustion chamber 2, a
guide vane 18 spaced from the front portion of
the housing 4 is also provided, said guide vane
being adapted to guide a portion of the air con-
veyed by the blower as combustion air into the
combustion chamber 2 and thence to the inter-
mediate mixing chamber 11,
The guide vane (6 overlaps in a certain distance
the radial outlet aperture of the compressor and
is furnished at its inside with an annular air scoop

chamber and thereby a low &

ture at the entrance of the turbine, a good ef-
ficlency of the combustion in the combustion
chamber being maintained.

A further object of the inventlon is to form
parts of the combustion chamber detachable for
the access to the interlor of the combustion
chamber, especially to the nozzles of the burners
to Interchange them 20

Further features of the mvnnthm will be given
in the

Fig. 1 is a longitudinal semwu ul the appa-
ratus, and

PFig. 2 is a vertical section according to the 35
line O—II of Fig. 1.

Referring to the drawings, | designates the
blower, 2 the combustion chamber and 3 the tur=
bine. The blower | and the turbine 3 are encased
in a common housing &, provided with an inlet 40
aperture § and an outlet aperture 6. The blower
1 and the turbine 3 are arranged upon a shaft 7,
rotatably mounted in bearings 1’. The bearings
7’ are in turn supported by brackets 8, 8 which
are attached to the housing 4 in the inlet aperture 45
§ and the outlet aperture §. The blower | and
the turbine 3 are not arranged directly upon the
shaft T, but upon a tube 8 held at some distance
from but firmly connected to the shaft 1. Both
the blower | and the turbine 3 possess a plurality 50
of vanes 10, |1 arranged radially upon the tube
8, said vanes being separated from one another
by a partition wall 12 amuhed to the tube 9, so
as to form a plurality

the combustion chamber 2.
turbine 2 are started in suitable manner familiar
to the man skilled in the art, e. g. by means of
compressed air. When the blower and the tur-
bine are rotating, air is sucked by the blower
through the entrance opening § in an axial direc-
tion and this air Is :nmmused ‘The

with t cross section; that part Is indi-
cated by the reference number 22,

Spaced from the shell 18 which constitutes the
outer wall of the combustion chamber 2, a further
dish-shaped guide vane (8 is provided which, to-
gether with the guide vane 16, forms an.annular
channel 19 leading out of the combustion cham-
ber 2. The distance between the guide vane 18
and the shell 14 is in this case smaller than the
distance between the guide vane 1§ and the front
portion of the housing 4. The dish-shaped guide
vanes (6 and 19 consist preferably of thin sheet

metal having high heat-resistance whilst the re-

maining parts of the apparatus insofar as they
are exposed to stresses, preferably consist of
high-quality steel. Within the combustion
chamber 2 numerous burners 20 conveniently
distributed uniformly over the entire periphery
of the combustion chamber 2 are provided. At
the outlet end of the apparatus a flow element 21

of stream-lined form is provided.

The of the P

as fol-

lows:

The fuel, e. g. gasoline, is ignited at 20 by the
distributed over the entire periphery of
The blower | and

cnmprused
from the

radial di

air Is
U-shaped guides for t.he flow medium. Both at 55 nuﬂm of the blmler l into the intermediate mix-

ing chamber 1. Ammn:memmdm
is fed into the branch line terminating at the

per}] of the blower I and this air is led
through the passage formed by the gulde vanes
mndmﬂnlmeﬂlﬂmml. Aﬁa:
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provided in the turbine

Tt o having cutlet w‘l';.:‘;‘.lﬂ said

ing, co 3 uu
turbine having inlet also
&5 ha vanes sections and
i for introducing

alr is
combustion chamber 2 and serves for
burning the fuel fed by the fuel inlets 8. The
rest part of the branched alr flows between the
walls I8 and 18 and is fed back to the interme-
diate mixing chamber 7. The hot combustion
chamber

channel 19 into the Inf
ber I7; in this chamber they are partly mixed
with the colder air streams this hot

10 radially for the introduction of the gas and ax-

15 arranged at the frontal surface of the housing
d the

stream and in the int

diate mixing chamber 11, Then this mixture of
combustion gases and compressed alr flows Into
the inlet openings of the radial turbine 3 and
part of the energy of the gases and compressed
air is absorbed in this turbine. Then the gases
leave the radial turbine in an axial direction
through the outlet end 6 of the apparatus.

‘The portion of the cold alr conveyed by the
blower | and gulded by the guide vane 8 towards
the front side of the apparatus cools both the
portion of the housing wall which is located with-
In the combustion chamber 2 as well asthediah-

shaped external wall (4 of the cham-

g5 In which the ring-

afr,
2. An alrcraft power plant according to claim 1,
in which the ring-shaped combustion chamber

gp consists of a pressure-tight housing and heat re-
channel

sistant inner walls, which form an air-
between the housing and the combustion cham-

a An afrcraft power plant l:cnrdl.nc to claim 1
shaped com! n chambe;
consists of a pressure-tight hmuﬁtll l-ﬂd heat re-
sistant inner walls, said walls forming an air-
channel between the housing and the combustion
chamber, said afr channel having a ring shaped
on the inner diam-

ber 2 and the dish-shaped gulde vanes 16 and 18,

The cold alr conveyed by the blower | into the
mixing chamber 11 s there driven outwardly
owing to its gravity. Due to the fact that

the hot gas of the combustion chamber enter- g5

ing through the passage I8 into the interme-
diate mixing chamber is forced tlirough the
cold air in the intermediate mixing cham-
ber 11 a very Intensive mixing of the cold
air and hot gas is effected, special mixing devices
not being . The resultant mixture of
air and combustion gases drives the turbine 3 and
after passing through the turbine 3 leaves the
apparatus with a certain content of energy, such
that it produces a reaction force.

The energy which, by means of the blower is
imparted to the flowing medium, e. g. the alr
which flows in, is increased by the amount of
energy of the fuel introduced, so that a consider-

ably increased energy is available for driving the .,

turbine and for generating a reaction force.

What I claim is:

1. In an aircraft power plant operating by the
effect of reaction, a housing, a channel in the
housing for introducing alr and a channel for
djacnnuinu gas, a bearing connected to the hous-
ing and disposed in the entrance channel, an-
other bearing connected to the housing and dis-
posed in the discharge channel, a rotor journalled
in the bearings and comprising a one-step com-
pressor and a one-step turbine, mtrnnr:a npm-
ings being in the b
to the entrance channel of the housing and dis-

45

30 open|
eter of the combustion chamber and serving for

discharging combustion alr into the sald com-
bustion chamber.

4. An aircraft power plant according to claim 1,
in which the ring-shaped combustion chamber
consists of a pressure-tight housing and heat re.
sistant inner walls, which form an alr-channel
between the housing and the combustion cham-
ber, part of the wall overlapping the discharge

40 opening of the compressor and having means for

branching off a portion of the air emerging from
the compressor.

5. An aircraft power plant according to claim 1,
in which the ring-shaped combustion chamber
consists at least of two statlonary parts, one of
which forms a front part and is detachable.

6. An llrcraﬂ. power Dllnt according to clalm 1,
in which the ri
consists of & pressure-tight housing and heat re-
sistant inner walls, which form an air channel
between the housing and the combustion cham-
ber, part of the wall over-lapping the discharge
opening of the compressor and having means for
‘branching off part of the air emerging from the
compressor, sald air channel having a ring-

5% shaped discharging opening arranged on the in-

for dis-
air In the cham.
ber, and sald combustion chamber consisting at
least of two nuuon:;y ptm one of which forms

ner of the

60 & front part and is

Max Hahn’s patent
based on the HeS 3
turbojet engine

Figure 9.66: Max Hahn’s patent based on the HeS 3 turbojet engine.
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rbojet engine (first run March 1938)
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First jet aircraft, Heinkel He 178 with
HeS 3 engine (first flown 27 August 1939)
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Figure 9.67: Top: HeS 3 turbojet engine (first run March 1938). Bottom: First jet aircraft, Heinkel
He 178 with HeS 3 engine (first flown 27 August 1939).
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Strahltriebwerk He S 8 A cenaise misam

Apporotese: Lesgetier ogerwern  Gebitsegne: linder-ctung  Turbenergrer “robpofering  logersen

HeS 8 turbojet engine
(first run September 1940)

Koppe Onwanne 90 Hho 0 rMo-te Gebiseg=e  Vergaierrag Enprrtienng

8 turbojet engines

Figure 9.68: Top: HeS 8 turbojet engine (first run September 1940). Bottom: Heinkel He 280 with
two HeS 8 turbojet engines (first flight 30 March 1941).
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Figure 9.69: Top: Ernst Heinkel and Hans von Ohain celebrating the flight of the first jet aircraft,
the Heinkel He 178, in 1939. Bottom: The HeS 011 turbojet engine, developed by von Ohain and
Max Adolf Miiller (first run September 1943).
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Albert Betz (German, 1885-1968) and Walter Encke (German, 1888-1982), shown in Fig. 9.70,
developed axial-flow compressors, which were utilized in most wartime German jet engines and
virtually all modern jet engines. Betz also developed highly efficient wind turbine designs that are
now used worldwide (p. 1665).

Herbert Wagner (Austrian, 1900-1982) and Max Adolf Miiller (German, 1901-1962) led a team that
was working to develop axial-flow compressors and prototype turbojet, turbofan, and turboprop
engines at Junkers in the 1930s, as shown in Figs. 9.71-9.75. Due to management difficulties at
Junkers, in 1939 Wagner left Junkers to create guided missiles and smart bombs at Henschel (see
Section 9.6). Miiller and most of the rest of Wagner’s jet engine team (such as Rudolf Friedrich,
German, 1909-1998) joined von Ohain’s jet engine development program at Heinkel. Wagner also
worked on German nuclear weapons programs during the war (p. 4165). After the war, Wagner
developed a wide range of guided missiles and smart bombs in the United States, and Miiller
designed jet engines and related technologies in the United Kingdom.

After Wagner and Miiller left the Junkers company, Anselm Franz (Austrian, 1900-1994) quickly
rebuilt the jet engine program and engineering team at Junkers in 1939. Franz and his team
designed and demonstrated the Jumo (Junkers Motors) 004 axial-flow turbojet engine (first run in
1940, Fig. 9.76); at least 8000 Jumo 004 engines were produced during the war. Franz and his team
also developed other engines such as the Jumo 022 turboprop engine (Fig. 9.84).

After the war, Anselm Franz moved to the United States and joined the Lycoming company, along
with many members of his Junkers jet engine team, including Heinrich Adenstedt (German, 1910—
1991), Hans Berkner (German, 1977-1977), Friedrick Bielitz (German, 1977-1977), Siegfried Decher
(German, 1977-1977), Heinz Moellmann (German, 1977-19?77), and Wolfgang Stein (German, 1977—
1977). At Lycoming, they produced the T53 and T55 turboshaft engines (which became widely used
in helicopters and turboprop planes), PLF1 turbofan engine (the first high-bipass turbofan engine,
important for jet airliners), AGT1500 turboshaft engine (for tanks and other land and sea vehicles,
as well as stationary power plants, p. 1381), and other jet and gas turbine engines (pp. 1740-1743).

Early turbojet engines were challenged by overheating of the central components, especially the
turbine blades, which shortened the operational lifetime of an engine before it needed to be rebuilt or
replaced. That challenge arose both because of the extremely high temperatures achieved inside the
engines and also because of the shortage of major high-temperature metals due to Allied blockades
and bombing. In response, engineers such as Hermann Hagen (German, 1977-1977), Karl Leist
(for his DB 007 engine), Paul Leistritz (German, 1877-1957), and Christian Lorenzen (German,
1977-1977) developed methods of directly cooling the blades inside a turbine. Many other scientists
and engineers developed novel high-temperature ceramics (p. 667) and new high-temperature metal
alloys (p. 689) that could be fabricated into turbine blades. For example, both in Germany during
the war and in the United States after the war, Anselm Franz collaborated very closely with Heinrich
Adenstedt (German, 1910-1991, pp. 697-698), an expert on high-temperature metal alloys. Such
high-temperature ceramics and alloys are still widely used in a variety of modern engine types.
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Albert Betz (1885-1968) Walter Encke (1888—-1982)

Figure 9.70: Albert Betz and Walter Encke developed axial flow compressors.
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Herbert Wagner
(1900-1982)

Max Adolf Miiller
(1901-1962)
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Figure 9.71: Herbert Wagner, Max Adolf Miiller, and Rudolf Friedrich led a team that was working
to develop prototype turbojet, turbofan, and turboprop engines at Junkers in the 1930s.
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1, Prof. Dr. HemserT WAGNER, a Ger-
man citizen, of Cunostrasse 67b, Schmar-
gendorf, Berlin, Germany, do hereby de-
clare the nature of this invention, and in
what manner the same is to be performed,
to_be particularly deseribed and ascer-
tained in and by the following state-
ment:—

In order in the case of bustion en-

Herbert Wagner’s
turboprop and turboshaft patent

1735

adopted in respect of internal combustion
engines, to furnish special compressors for
supplying the turbine with compressed
air, so that the circumferential velocity of
the turbine will remain substantially the
same irrespective of the particular height.

The provision of these compressors is

pa ed by the di tage of con-

application (February 1936)

gines of the piston type, which are em-
ployed, for example, for driving the air-
screws of aircruft, to mamtaiul:ie output
substantially constant at high altitudes
despite the decreased demsity of the air at
these heights it 15 usual to provide com-
pressors which supply compressed air to
the engine,

It has also been proposed to provide

PATENT SPECIFICATION
495469

1 d weight and a much
more complicated design of the entire
power te.

The invention provides a mew method
of diminishing, or entirely eliminating, a
drop in output at comparatively high alti-
tudes in the case of gas turbines. Accord-
ing to the invention, the circumferential
velocity of the gas turbine is increased
with ineressing altitude. In this way
there is obtained in face of the existing

between the engine and the propeller a
pear having a variable t ion. This
gear has the object of varying the eiroum-
erential velocity of the airserew as com-
pared with the substantially velo-

Feb. 8, 1936.  No. 3682/37.

Convention Date (Germany): ~{ <5 8 193, No. 368337,

arta derably si.z\(fhﬁed construction.
There may be oblained at higher altitudes
a greater compression ratio of the turbine,

Application Date (in United Kingdom): Feb. 8, 1937. :ity of the engine, in order to be able to

adapt the running conditions of the air-

Specification not Accepted serew to the different altitudes concerned.

These variable s gears have not been

e B adopted in practice owing to the fact that
COMPLETE SPECIFICATION the variable sirscrew (airscrew having a

variable pitch), which was introduced in
" L i

and dingly a higher output and an
improved efliciency, without the use of
special compressors.

In pas turbines employed for driving
airscrews it is proposed in accordance with
the invention to provide a reducing gear
between the turbine and the propeller, in
such fashion that, with a substantially

: . arge! any
necessity for varying t]{ speed of the air-
icrew. E
Thers have also been proposed for the
propulsion of aircraft gas turbines com-
rising in substance a compressor, a com-
ustion chamber, and a turbine driven by
the burnt gases. It is known to emplay
these turbimes as reaction or ‘‘ rocket ™
device, in which case they eject the com-
bustion gases towards the rear, or for driv-
the conventional type of propeller.

order to mni{lfain the output of these
i tant

An Improved Method of and Means for Propelling Aircraft

velocity of the propeller, the gas
turbine at higher altitudes will run at a
greater speed than at lower altitudes. The
&mcdg‘:iw may be_ia.dap:ud to the pa’;ticulajrl
conditions prevailing varyi e pitel
of the bladpnn of thngscfew_ ving the p

. A particularly simple means of reduc-
ing to practice the idea according to the
invention of increasing the circumferen-
tial velocity of the gas turbine with in-
creasing height consists in providing
between the gas turbine and the propeller
o reducing gear having an invariable

as  turbines ¥y at
[ifferent altitudes it has also been pro-
posed, in adaptation to the praetice

TPuina 117

and also to furnish a cluteh device in
order, after disengagement of the pro-
peller, to ellow the gas turbine at higher
altitudes to run at a_greater speed, in
which case the gas furbine will then act
‘as a pura * ot ** device. .

In the case of piston engines an increase
in the circumferential velocity would not
only fail to improve the compression ratio,
but would also represent an increase of
the mechanical load on the engine. On the
other hand in the case of the highly loaded
low-pressure_blades of a gas turbine the
reduced bending strain on the blades ow-
ing to the decrease in the pressure of the
air permits at high altitudes of an increase
in the load imparted by the centrifugal
force and according of an increased cir-
oumferential velocity. i

The invention will now be described
more particularly with reference to the
accompanying drawing, which illustrates
two possible forms of embodiment.

TFig. Lis a vertical section taken through
o gos turbine aggregate, which in aceord-
ance with the invention is furnished with
o variable speed gear between the gas tur-
bine and the propeller.

Fig. 2 is a vertical section taken through
» gos turbine aggregate, which in accord-
ance Wi ¢ invention is furnished with
an invariable reducing gear and a clutch.
. Referrin, Fig. I, the eompressor is
shown in the form of an axial compressor
1, 2 being the combustion chamber and 3
the turbine. The air enters the compressor
1 at 4 and is heated by the burnt fuel in
the combustion chamber 2. The burnt
gases drive the turbine 3 and are ejected
towards the rear through the diffuser 5.
The turbine is mounted on the fuse-
1 6, 17 being the wing of the aireraft.
l%’unneeted with the compressor 1 is a

ar 6. The shaft 7, on which there are
germly mounted the gear wheels 8 and 9,
is connected with the compressor 1. On
the ku{ shaft 10, on shich 1s mounted the

propeller 11, which is preferably con-
structed as a variable-piteh r:ro ler,
there are mounted to be shiftable the two

gear wheels 12 and 13. The gear wheels
12 and 13 may be (].islplal:al by means of
the fork 14 and the lever mechanism 15
leading to the pilot’s seat (not shown), so
that the reduced transmission between gas
turbine and propeller may be varied. If
the shiftable gear wheels 12 and 13 are
gituated in an _intermediate position
between the wheels 8 and 9, so that no
wheel is in engagement, the gas turbine
and the propeller are not connected. The
displacement may be effected by hand; it
may, however, also be performed by means
of a servo-motor. If desired, the varia-
I tion in the reduced ratio may also take

ratio for driving the pro-
peller at low altitudes, for example for
starting purposes or for gaining height,

lace automatically, for example depen-
ent on the altitude. In the present ex-

ample o two-speed gear has heen shown;
there is, however, no limitation with re-

rd to the number of speeds which may
%: provided. Tt is also possible to employ
a gear in which there is no break in the
variation of the speed, for example a
hydraulic or the like. .

Fig. 2 shows a possible embodiment of
the invention making use of an invariable
reducing gear and a clutch. In the draw-
ing there has been shown o dog clutch.
This, however, may 2lso be a spring-con-
trolled friction clufch, an electro-magnetic
clutch or a clutch of any other design.

‘With the compressor 1 there is con-
nected the smaller gear wheel 18, which
meshes with the larger gear wheel 19. To
the wheel 19 there is firmly connected the
dise 20 of the cluich. On the shaft 21
earrying the propeller 11 there is mounted
the shiftable clutch plate 22, which may
be moved into engagement with the plate
20. The plate 22 may be shifted by means
of the fork 23 and the lever mechanism 24.

Having now particularly described and
ascertained the nature of my said inven-
tion, and in what manner the same is to be
performed, I declare that what I claim

Wi—

1. A method of adapling the output of
gas turbines for I]l)’mpelling aireraft and
eomprising in substance a compressor, a
combustion chamber end o turbine to
different altitudes, characterised in that
the gas turbine is driven at high altitudes
at a greater circumferential velocity than
at low altitudes.

2. A gas turbine dgmpdlling means for

aircraft adapted fo drive at least one pro-
peller, characterised in that between the
gas turbine and the propeller means are
provided which permit of a reduced trans-
mission of any desired ratio, the said
transmission being capable of being varied
automatically or manually or by combined
automatic and manually operable control
means. i -
3. A gas turbine propelling means
ancnnﬁng to Claim 2, chumctariagd in that
an invariable reducing gear and a clutch
are fitted hetween the gas turbine and the
propeller,

4. A gas turbine propelling means
according to Claim 2, characterised in that
between the gas turbine and the propeller
there are provided a reducing gear, which
is variable antomatically or manually or
by combined automatic and manual con-
trol, and a clutch.

5. A method of adapting the output of
gas turbines for propelling aireraft to
different altitudes, substantially as here-
inbefore described with reference to the

accompanying drawing.

6. A gas turbine propelling means for
Emi‘.lt,d u}:lﬁamtiully as hereinbefore
d ed with reference fo th -
e wil e fo the accompany.

Figure 9.72: Herbert Wagner’s turboprop and turboshaft patent application (February 1936).
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der lotzten Stufe des Verdichters und_der
ersten Stufe der Gasturbine anzuordnen. Eine
solche Anordnung hat jedoch dem Nachteil,
dalh die Beschaufelung der letzten Stufe des
Verdichters und die Beschaufelung der crsten

Stufe der Gasturbine unter der unmittelbaren |
Einwirkung der \Virmestrahlung aus dem |

Verbrennungsraum stehen. Diese Strahlung
ist so grofl, dab eine solche Turbinenanlage
bisher nicht betriebsfihig war, da die Be-

Nachtréglich gedruckt durch das Deutsche Patentamt in Miinchen

($20 des Ersten Gesetzes zur Anderung und Uberleitung von Vorschriften
auf dem Gebiet des gewerblichen Rechtsschutzes vom 8, Juli 1949)

Junkers Flugzeug- und Motorenwerke A.G., Dessau®)

Verbrennungskammer fiir mit Gleichdruckverbrennung arbeitende
Gasturbinen

Patentiert im Deutschen Reich vom 5. Marz 1936 an
Patenterteilung bekanntgemacht am 18. Mai 1955

Die Erfindung betrifft eine Verbrennungs-
lammer fur mit Gleichdruckverbrennung

ar Gasturbi die je aus
einem Luftverdichter, einer Turbine und der
ischen diesen d

Verbrennungskammer besteheri und die ins-
besondere zum Antrieb von Luftfahrzeugen
verwendet werden sollen. Der Luftverdichter,
der als axial oder radial durchstromtes Ge-
blase ausgebildet sein kann, speist die Ver-
brennungskammer mit verdichteter Luft, die
hier unter Zutritt von Brennstoff verbrennt;
die Verbrennungsgase gelangen aus der Ver-
brennungskammer in die Turbine, beauf-

schlagen deren Beschaufelung und versetzen
den Turbinenlaufer in Drehung.

Es ist an sich bekannt, die metallischen
Wiinde der Verbrennungskammer eciner Gas-
turbine mit feuerfestem Baustoff auszuklei-
den, um so die sonst unter der unmittelbaren
Einwirkung der heiBen Verbrennungsgase
stehenden Wiinde der Verbrennungskammer
vor Zerstorung zu schiitzen. Es ist ferner vor-
geschlagen worden, insbesondere bei Anord-
nung einer axial durchstrémten Turbine und
eines unmittelbar von der Turbine angetrie-
benen axial durchstromten Verdichters, die
Verbrennungskammer unmittelbar zwischen

ISR

A
o

des Verdichters als auch der
Gasturhine in kiirzester Zeit unter der zusiitz-
lichen Einwirkung der Wirmestrahlung aus
dem Verbrennungsraum zerstbrt wurden.

Es ist Aufgabe der Erfindung, eine unmit-
telbar zwischen Luftverdichter und Turbine
einer mit Gleichdruckverbrennung arbeiten-
den Gasturbine angeordnete Verbrennungs-
kammer zu schaffen, die die schidliche Ein-
wirkung der Wirmestrahlung auf die unmit-
telbar anschlieBenden Beschaufelungen ver-
meidet. Dies wird gemiB der Erfindung
dadurch erreicht, da8 in den Verbrennungs-
raum ein Vorsprung oder mehrere Vor-

spriinge so weit hineinragen, dafl sie die |

wiirmeempfindlichen Teile, insbesondere. die |

Beschaufelungen des Luftverdichters und der
Turbine, gegen Wirmestrahlung aus dem
Verbrennungsraum decken. Hat die Kammer
die Form eines Ringes, dann werden die Vor-

spriinge als ringférmige Rippen oder Wiilste |

ausgebildet, deren radiale Erhebung iiber die

urspriinglichen Mantellinien der fuBeren oder .
Ileid indestens |

inneren B 4

gleich der Kopfhthe der letzten Schaufel des
Luftverdichters oder der Kopfhdhe der ersten

Schaufel der Turbine ist.

In der Zeichnung ist ein Ausfihrungs-

rfindungsgegenstandes im mitt-

Dheispiel des

leren Lingsschnitt durch den Mittelteil einer |
mit Gleichdruckverbrennung arbeitenden Gas-

turbine mit ringformiger Verbrennungs-
kammer veranschaulicht.

Der Luftverdichter 1 ist mit der Gastur-
hine 2 durch cine Welle3 verbunden. Um
die Welle 3 herum ist innerhalb eines
(Gehiiuses § eine ringfGrmige Verbrennungs-
kammer 5 angeordnet. Die aus der letzten
Schaufelreilie 6 des Verdichters 1 aus-
tretende verdichtete Luft stromt durch eine
ringformige Offnung 7 der Verhrennungs-
kammer 5 zu, wo ihr durch eine Diise oder

mehrere Diisen 8 Brennstoff zugefiihrt wird: |
das Gemisch verbrennt, und die Brenngase :

- stromen durch eine ringfrmige Offnung 9

der Brennkammer 3 zu der ersten Lauf-
«chaufelreihe 10 der Turbine 2. Der Verbren-

4 77 73

1B

nungsraum 5 ist mit Schamotteauskleidungen |
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11 und 12 versehen, die von Blechen 13 und
14 gestiitzt werden. Die innere Auskleidung
12 besitzt an ihrem dem Luftverdichter I zu-
gewandten Ende eine in den Verbrennungs-
raum 5 hineinragende ringformige Rippe 15
und an ihrem der Turbine 2z zugewandten
Ende eine entsprechende Rippe 16. wiihrend
die Zubere Auskleidung 11 mit einer ehen-
falls ringférmigen wulstartigen Rippe 17 in
den mittleren Teil des Verbrennungsraumes 5
hineinragt. Die Guerschnittsform der Rippen
15, 16, 17 sow hre radiale Erhebung h,.
hty, Ty diber die urspriinglichen Mantellinien ¢
und i der duferen oder inneren Brennraum-
auskleidung sind im Verhiltnis zur Lage und
zur Kopfhdhe der Schaufeln 6 und 10 <0 ge-
wihlt, daB sie diese vor der \Wirmeanstrah
lung aus dem Verbrennungsraum 3 schiitzen.
Durch die wualstartige Formgebung. ins-
hesondere der mittleren Rippe 17, wird
gleichzeitig die Durchwirbelung der Bremn-
gase und damit der Verbrennungsvorgang ge-
fordert.

PATENTANSPRUCHE:

1. Unmittelbar zwischen Luitverdichter
und einer mit Gleichdruckverbrennung
arheitenden Gasturbine angeordnete Ver-
brennungskammer, dadurch gekennzeich
net, daf in den Verbrennungsraum (3)
Vorsprung oder mehrere Vorspriinge .
16, 17) so weit hineinragen. dall sie die
wirmeempfindlichen Teile, insbesondere
die Beschaufelungen des Luftverdichters
und der Turbine gegen Wirmeanstrahlung
aus dem Verbrennungsraum decken

2. Verbrennungskammer nach An-
spruch 1. dadurch gekennzeichnet, dafl die
Kammer (5) die Form eines Ringes hat
und die Vorspriinge (15, 16, 17) als ring-
formige Rippen oder Wiilste ausgebildet
sind, deren radiale Erhebung (%, Jts, Ity
iiher die urspriinglichen Mantellinien (a
und §) der duBeren oder inneren Brenn-
ra skleidung hinaus mindestens gleich
der Kopfhohe der letzten Schauiel (6) des
Luftverdichters oder der KopfhShe der
ersten Schaufel (10) der Turhine ist.

Zur Abgrenzung des Erfindingsgegenstands
vom Stand der Technik sind im Erteilungs-
verfahren folgende Druckschriften in Betracht
gezogen worden:

Deutsche Patentschrift Nr. 233 4991

franzdsische Patentschrift

U'SA -Patentschriften Xr. 985

1 418 444. 1960 8ro.

One of

Herbert Wagner’s
turbofan patent

applications
(March 1936)

Figure 9.73: One of Herbert Wagner’s turbofan patent applications (March 1936).
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REICHSPATENTAMT

PATENTSCHRIFT

MNe 768 034
KLASSE 46f GRUPPE 3 ¥/gn
W 8278 1a] 46f

anzuordnen, der einen kleinen, aber angesichis
der erheblichen Wirmeeinwirkung des Ver-
| vorganges unzureichenden Schutz
fiir Turbinenteile, und zwar in erster Linie
fiir die Laufrader der Turbine und des Ver-
dichters und die sie verbindende Welle, bietet.
Die diesen Raum anfiillende Luft unterliegt
aber selbst einer erheblichen Temperatur-
erhbhung, da sie die aufgenommene Wirme
nicht ableiten kann. Demgegeniiber wird die

Nachtraglich gedrudkt durch das Deutsche Patentamt in Miinchen

(§20 des Ersten Gesetzes zur And

und Uk

von V

auf dem Gebiet des gewerblichen Rechtsschutzes vom 8. Juli 1949)

Junkers Flugzeug- und Motorenwerke A.G., Dessau®)

Gasturbinenanlage mit Gleichdruckverbrennung

Patentiert im Deutschen Reich vom 5. Mérz 1936 an
Patenterteilung bekanntgemacht am 21. April 1955

Die Erfindung bezieht sich auf eine ins-
lzesondere zum Antrieb von Luftfahrzeugen
i lagemit Gleichdruck-

breanung, die im fichen aus einem
1. rdichter,  einem B und der
i:gmh::bgﬂ Turbine besteht und bei der diese
St

geordnet sind. Diese Anordnung bringt es
mit sich, dafi der Brennraum der Gasturbine,
in dem wihrend des Betriebes stindig hohe
Tanpe_ra.h.u'm herrschen, in niichster Nihe
von wirmeempfindlichen Teilen der Turbinen-

anlage Hegt. Die Erfindung bezweckt, eine

T4

solche Gasturbine so auszubilden, da8 diese
wirmeempfindlichen Teile vor der von dem
Bzefmraum ausgehenden Wirmewirkung ge-
schiitzt werdea und hierbei die Verbindungen
des Luftverdichters und der Turbine eine
ihren erheblichen Festiwkes 5
gerecht werdende Gestalt und Anordnung
erhalten.

Es ist bereits bei Gasturbinen der er-
A" Baunart bek - i einer
Emgfb’rmigen Brennkammer und der leistungs-
iibertragenden Verbindung von Turbine und
Verdichter einen mit Luft angefiillten Raum

hier vorli Aufgabe von der Erfindung
in wirksamer Weise dadurch geldst, daB der
die lei iiber len Verbinds des
Verdichters und der Turbine umgebende
ringformige Brennraum innerhalb der Ver-
bindung der Leitvorrichtungen des als um-
laufendes Geblise ausgebildeten Verdichters
und der Turbine liegt und diese letztere sowie
jene leistungsiibertragende Verbindung durch
einen Luftstrom gegen die von dem Brenn-
raum ausgehende Wirmeeinwirkung - ge-
schiitzt sind.

Der mit der Erfindung erzielte Wirme-
schutz ist also besonders wirksam bei einer
solchen Gasturbinenbauart, deren Brennraum
ringformig ausgebildet ist und die leistungs-
iihertragende Verbindung von Luftverdichter
und Turbine vollstindig umschlieBt sowie
seinerseits innerhaib eines Gehiuses angeord-
net ist, das die Leitvorrichtungen des als um-

des Geblase bild Verdichters
und der Turbine miteinander verbindet. Bei
diesem Aufbau der Gasturbine sind in der
Hauptsache nur die erwiihnten Verbindungen
von Verdichter und Turbine gegen die Warme-
einwirkung des Brennraumes zu schiitzen.
Dies gelingt im vorliegenden Falle um so
besser, als die luftdurchstrémten Riume sich
infolge des Aufbaues der Turbinenanlage un-
mittelbar an den Verdichter anschliefen und
daher die Luft ihre Kithlwirkung bei giinstigen
niedrigen Temperaturen ausiiben kann. Auler-
dem ermdglicht es die Erfindung, den Verbi
dungen des Verdichters und der Turbine eine
Gestalt zu geben, die auch ihre Festigkeit
wesentlich steigert.

Die Erfindung ist im nachstehenden an
Hand eines Ausfithrungsbeispieles niher er-

liutert, welches in der Zeichnung in einem
1 |
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| strémen aus dem Brennraum zu der Turbine 3
und versetzen deren Laufrad in Drehung. Die
die Leitvorrichtungen 6 und 7 des Verdich-
ters und der Turbine tragenden Teile 8 und 9
sind durch ein tonnenformiges Gehiiuse 10
miteinander verbunden, welches den Brenn-
raum 4 ringfdrmig umschlieft, Zwischen dem
Brennraum 4 und der Verbindungswelle 2 ist
ein ringformi Raum 11 angeord der
durch im wesentlichen kegelférmige Riume
12 und 13 mit der Austrittsofinung der Luit
aus dem Verdichter und der Eintrittsdffnung
des Brenngasgemisches in die Turbine in Ver-
dung steht. Ferner ist zwischen der AuBen-
seite des ringfdrmigen Brennraumes 4 und
der Innenwand des Gehiuses 1o ein ebenfalls
ringformiger Raum 1.4 angeordnet, der gleich-
falls mit dem Austritt der Luft aus dem Ver-
dichter und dem Eintritt des Brenngas-
gemisches in die Turbine in Verbindung
steht. Die heiden ringférmigen Riume 11 und
14 werden somit von einem Teil der aus dem
Verdichter 1 austretenden Luft durchstromt,
die von hier aus den den Brennraum ver-
lassenden Brenngasen vor ihrem Eintritt in
die Turbine zugesetzt wird. Auf diese Weise
entstehen in den ringférmigen Riumen 11 und
14 wilhrend des Betriebes der Gasturbine
Strome von stindig aus dem Verdichter zu
gefiihrter kalter Frischluft, welche die vom
Brennraum ausgehende Wiarmeeinwirkung
von den die Liufer und die Leitvorrichtungen
des Verdichters und der Turbine verbinden-
den Teile 2 und 1o fernhalten. Durch eat-
sprechende Bemessung der Ein- und Austritts-
querschnitte dieser beiden Luftstrome 18t
sich die Stromungsgeschwindigkeit der Kiihl-
luft durch die Riume 11 und 14 derart regeln,
daB die giinstigste Wirmeschutzwirkung der
Welle 2 und des Gehiiuses 10 erzielt wird. Die
ringformige Ausbildung des Brennraumes 4
und seine unmittelbare Anordnung zwischen
| Verdichter und Turbine ermdglichen es, dem

Gehiiuse 10 ebenfalls eine Ringform zu geben,
welche den Brennraum vollig umschlieBt, so
daB das Gehiuse der Turbinenanlage gerade
in seinem besonders beanspruchten Teil eine
einfache und kriftige Gestalt erhilt, die ihm
cine erhohte Festigheit auch gegeniiber den

hanischen Beanspruchungen verleiht.

Axialschnitt durch eine Gasturbi
mit Gleichdruckverbrennung dargestellt ist.

Der Liufer des Verdichters 1 ist mit dem
Liufer der Turbine 3 durch eine zur Lei-
stungsiibertragung dienende Welle 2 verbun-
den. Zwischen den Teilen 1 und 3 ist ein ring-
férmiger Brennraum 4 angeordnet, der die
Welle 2 vollstindig umschlieBt. Dem Brenn-
raum 4 wird die von dem Verdichter 1 ge-
lieferte Luft sowie der zu ihrer Verbrennung
erforderliche Kraftstoff, letzterer

10 /!
8 6 7 9
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durch
Leitungen 5, zugefiihrt; die heiflen Brenngase

PATENTANSPRUCH:

Gasturbinenanlage mit Gleichdruckver-
brennung, in deren Langsrichtung ein
Luftverdichter, ein Brennraum und cine
Turbine hintereinander angeordnet sind.
dadurch gekennzeichnet, daB der die
leistungsiibertragende Verbindung (2) des
Verdichters (1) und der Turbine (3) um-
gebende  ringférmige  Bremnraum (@

Another of

Herbert Wagner’s

innerhalb der Verbindung der Leitvor-
richtungen (10) des als umlaufendes Ge-
blise ausgebildeten Verdichters und der
Turbine liegt und diese letztere sowie jene
leistungsiibertragende ~ Verbindung (2)
durch einen Luftstrom gegen die von dem
Brennraum ausgehende Wirmeeinwirkung
geschatzt sind.

turbofan patent
applications
(March 1936)

Zur Abg des Erfind ds
vom Stand der Technik sind im Erteilungs-
verfahren folgende Druckschriften in Betracht
gezogen worden:

Deutsche Patentschrift Nr. 106 586;

Gsterreichische Patentschrift Nr. 57 682;

franzdsische Patentschrift Nr. 346 713;

USA.-Patentschrift Nr. 1 418 444.

Figure 9.74: Another of Herbert Wagner’s turbofan patent applications (March 1936).
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Patentiert im Deutschen Reich vom 14. Augnst 1938 an

Herbert Wagner’s axial

Patenterteilung bekanntgemacht am 9. Juli 1942

Junkers Flugzeug- und -Motorenwerke AG. in Dessau

CHAPTER 9. CREATORS AND CREATIONS IN AEROSPACE ENGINEERING

w

flow turbojet patent
application (August 1938)
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Die Erfindung bezieht sich auf fiir Luft-
fahrzeuge bestimmte Vortriebseinrichtungen,
die aus einer Gasturbine, einem von dieser
angetrichenen Verdichter fiir die Verbren-
nungsluft und einer an die Gasturbine sich
anschliefenden Riickstofdiise bestehen.

Es sind Ausfiihrungsformen von Strahl-
antrieben der angefiihrten Art bekannt, bei
welchen der Austrittsquerschnitt der Riick-
stoBdiise grober ist als der freie Querschnitt
der letzten Turbinenschaufelreihe. Eine solche
Ausfithrung hat zwar den Vorteil, dafl die Ab-
messungen der Gasturbine gering sind: der
sich stindig erweiternde Querschnitt der
RiickstoBdiise hat aber eine Treibmittelaus-
trittsgeschwindigkeit zur Folge, die weit {iber
den jetzt iiblichen Héchstgeschwindigkeiten
yon Luftfahrzeugen (etwa 170m pro Se-
kunde) liegt. Der Nachteil einer solchen
Anlage liegt in dem auBerordentlich schlech-
ten Wirkungsgrad, da bekanntlich der Wir-
kungsgrad einer Riickstofdiise um so besser
wird, je mehr sich Treibmittelgeschwindigkeit
und Fahrzeuggeschwindigkeit einander nihern.

Es ist auch schon vorgeschlagen worden,
die RiickstoDdiise gegen ihren Austritt zu
allmihlich zu verengen, so daf der Austritts-
querschnitt der Diise kleiner als der freie
Durchtrittsquerschnitt der letzten Beschaufe-
lungsreihe der Gasturbine wird. Die Folge
dieser MaBnahme war zwar eine geringere
Austrittsgeschwindigkeit des Treibmittels aus
der RiickstoBdiise, aber es trat als nicht zu
vermeidende Riickwirkung ebenfalls eine
durchaus unerwiinschte Verringerung der
Treibmittelgeschwindigkeit innerhalb der Gas-
turbine auf. Die Folge war, daB man bei
gleicher Leistung den freien Durchtrittsquer-
schnitt der Gasturbine vergréBern mubte,
d.h. daf das Baugewicht der Turbine erhoht
und damit das gesamte Triebwerk fiir die
Verwendung im Luftfahrzeug ungeeignet
wurde. . ’

Es ist Aufgabe der Erfindung, eine Vor-
triebseinrichtung fiir Luftfahrzeuge zu schaf-
fen, welche die Vorteile der bekannten Aus-

2 3

fijhrungsformen besitzt, deren Nachteile je-
doch vermeidet.

GemiB der Erfindung wird diese Aufgabe
dadurch geldst, daf der Austrittsquerschnitt
der RiickstoBdiise etwa die gleiche Grobe
wie der Austrittsquerschnitt der
bine hat.

Ein Strahlantrieb gemidl der Erfindung
hat den Vorteil, dab es mdoglich ist. auch bei
Flugzeuggeschwindigkeiten, die etwa in der
GréBenordnung von 17om pro Sekunde lie-
gen, einen wirtschaftlichen Wirkungsgrad mit
Sicherheit zu erreichen.

Auf der Zeichnung ist ein Ausfiihrungsbei-
spiel des Erfindungsgegenstandes im Lings-
schnitt veranschaulicht. Mit 1 ist eine Gas-
turbine bezeichnet, die einen Verdichter 2 an-
treibt. Die von diesem verdichtete Luft wird
s ciner Brennkammer 3 geleitet, wo sie in
Mischung mit dem der Bremnnkammer zuge-
fiihrten Brennstoffe zur Verbrennung des letz-
teren dient. Die aus der Gasturbine I austre-
tenden Verbrennungsgase durchstrémen ein
ringférmig ausgebildetes Rohr 4. und zwar
mit ciner nahe unterhalb der Schallgeschwin-
digkeit liegenden Geschwindigkeit. Das ring-
formige Rohr 4 dient als Riickstofer und lafit
die Verbrennungsgase durch seinen Quer-
schnitt 5 ins Freie austreten. Der kreisfor-
mige Austrittsquerschnitt 5 ist so bemessen,
daB er etwa gleich dem Austrittsquerschnitt 6
der Gasturbine ist und dafl zugleich der Um-
hiillung 7 der gesamten Anordnung eine strd-
mungstechnisch ~ giinstige ~ Gestalt gegeben
wird.

PATENTANSPRUCH:

Vortriebseinrichtung fiir Luftfahrzeuge,
bestehend aus einer Gasturbine, einem
von dieser angetriebenen Verdichter fiir
die Verbrennungsluft und einer an die
Gasturbine sich anschliefenden Riickstof)-
diise, dadurch gekennzeichnet, dafy der
Austrittsquerschnitt der Riickstofidiise etwa
die gleiche Grofe wie der Austrittsquer-
schnitt (6) der Gasturhine (1} hat.
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Figure 9.75: Herbert Wagner’s axial flow turbojet patent application (August 1938).
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Jumo 004
turbojet engine,
first demonstrated |
in 1940

LY

- /a1

Anselm Franz
(1900-1994)

T

Figure 9.76: During the war, Anselm Franz led a team that developed and mass-produced the
Jumo (Junkers Motors) 004 turbojet engine and also developed other engines such as the Jumo
022 turboprop engine (p. 1748).
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Heinz Moellmann, Siegfried Decher, Wolfgang Stein, Anselm Franz
:
¢ Lycoming T53 turboshaft engine,

first demonstrated in 1955

; g" = ‘Not shown: Heinrich Adenstedt,
' ‘Hans Berkner, Friedrick Bielitz

— g = = = & e o

Figure 9.77: After the war, Anselm Franz led a team including Heinrich Adenstedt, Hans Berkner,
Friedrick Bielitz, Siegfried Decher, Heinz Moellmann, and Wolfgang Stein to produce the Lycoming
T53 and T55 turboshaft engines, PLF1 high-bypass turbofan engine, AGT1500 turboshaft tank
engine (p. 1381), and other engines.
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Sept. 25, 1951 A. FRANZ 2,568,726 Feb. 6, 1962 A. FRANZ 3,019,606
AIR COCLED TURBINE BLADE COMBUSTION SECTION FOR A GAS TURBINE ENGINE
Filed Aug. 3. 1949 Filed Sept. 4, 1969 3 Sheets-Sheet 1
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Figure 9.78: Examples of jet engine patents by Anselm Franz.




1742 CHAPTER 9. CREATORS AND CREATIONS IN AEROSPACE ENGINEERING

Erteilt auf Grund des Ersten Uberleitungsgesetzes vom 8. Juli 1949
(WAGBL S, 175)

BUNDESREPUBLIK DEUTSCHLAND

Dec. 1, 1964 H. F. MOELLMANN 3,159,001
FUEL CONTROL AIR PRESSURE MULTIPLIER AND MATN METERING VALVE

Original Filed May 20, 1959 3 Sheets-Sheet 1

AUSGEGEBEN AM
3. DEZEMBER 1953

DEUTSCHES PATENTAMT

o
PATENTSCHRIFT i g ~
T - I P,
% 898 699 = ol
KLASSE 469 GRUPPE 810 BN 5
1D =n:| g =z |
J 5016 1af46g ;- Tee R S
| ol g o
Cropp g el B
Dipl.-Jng. Siegfried Decher, Décize, Niévre (Frankreich) und =§ !% F ,l
Heinz Méllmann, Indiana, Ohio (V. St. A) e ol 3
sind als Erfinder genannt worden :::12 Elie
]
: L
Junkers Flugzeug- und Motorenwerke AG., Dessau & __;7
- N\ ©
Heifistrahltriebwerk zum Vortrieb von Luftfahrzeugen i w
Patentiert im Gebiet der Bundesrepublik Deutschland vom §. Mérz 1943 an 5
Der Zeltraun vom 8, Mal 1845 bis einschlielich 7. Maf 1850 wird auf die Patentdauer nicht angerechnet L&
(Ges. v. 15.7.51) 8 2h
Patentanmeldung bekannigemacht am 19, Mirz 1953 = = %
Patenterteilung bekannigemacht am 22. Oktober 1953 1 ?E 1= 1
N St
Die Erfindung bezieht sich anf Heil fallt) im iebwerk selbst Cw
werke zum Vortm:b von Lufrf:hrzeugen bmchmd wnrd und dafl daher dxe Héchsttemperatur des Ll i‘ 2
aus einem Vi 3 und einer mit auf die Turbinen- =a
i G mit an- durch eine zusiitz]i - 30 o8
s schhellmder RucksdeusE bei welchem die Kraft- | tung begrenzt werden muB, =£
stoffzuteilung in Abhingigkeit von der Drehzahl ingriffe fiir die T¢ sind aber, ©
gesteuert wird, und betriffit €in Verfahren zur | wie die Erfahrung zeigt, in HeiBstrahltriebwerken =
Regelung. praktisch schwierig durchzufihren, weil der Fiihl-
Die bei Dampfturbinen bekannte Regelung in | verzug eines vor der Gasturbine angeordneten o5
1o Abhingigkeit von der Drehzahl I3t sich zweck- | Temperaturfiihlers im Verhdltnis zu den Anforde- INVENTOR.
miiflig auf Gasturbinen &ibertragen, welche in HeiB- | rungen des Triebwerkes schr groB ist,
i der Art ei Die Schwi kénnen gemiB HEINZ F. MDELLM»’:NN‘
sind. Jedoch ist hierbei zu beriicksichtigen, dal das | der Erfindung dadurch behoben werden, daﬂ die 4
Treibmittel fiir diese Gasturbinen (im Gegensatz Rudcstoﬂduse 50 ausgelegt ist, daB im oberen g0 .
15 zu dem Treil der D i das aus des Tris das Druck- %
dem Kesselhaus in stets gleicher Besch it an- hiltnis des Treil in der A ATTORNEYS.
Oct. 14, 1969 H. MOELLMANN 3,472,487 United States Patent 9 [ 4,147,024
WIDE SPEED RANGE GAS FOWER CONVERTER Moellmann [451 Apr, 3, 1979
Filed Oct. 6, 1967 4 Sheets-Sheet 1
[54] DUAL CYCLE GAS TURBINE ENGINE [56] References Cited
= 8 S SYSTEM US. PATENT DOCUMENTS
= o
Eb \ [75]1 Inventor: Heinz F. Moellmann, New Haven, %g%}gé ';;g;; ::w_
g —= pes Conn. 2981,063 4/1961 Wickmann -
e
Q| o A C ” Primary Examiner—Louis J. Casaregola
o 3= [13] Assignee:  Aveo Conn. @ itiomey, Agent, or Firm—Irwin P. Garfinkle; Robert J.
< a ir, Jr.; Ralph D. Gelli
8 R o 8 s [21] Appl No.: 833,532 :::]Na"’ o SRR -
RS ABSTRACT
%3] [22] Filed Sep. 15, 1977 A dual cycle turbine system is presented which includes
;)| N , a combination of two engines with different cycle pres-
511 sure ratios. The two engines are cross connected by a
1A g 2 521 common regenerator that enables low specific fuel con-
X 60, sumption under partial load conditions.
\X | [58] Field of Search ......... 60/39.15, 39.16 S, 39.51 R,
= \\\ ' 60/39.51 H, 39.16 R 8 Claims, 4 Drawing Figures
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Figure 9.79: Examples of jet engine patents by Heinz Moellmann.
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Erteilt auf Grund des Ersten Uberleitungsgesetzes vom 8. Juli 1949

(WIGBL 5.175)
BUNDESREPUBLIK DEUTSCHLAND

AUSGEGEBEN AM
8. OKTOBER 1953

DEUTSCHES PATENTAMT

PATENTSCHRIFT

X: 892 698
KLASSE 46f GRUPPE 8os
J 25621af46f

Dipl.-Jng. Siegfried Decher, Décize, Niévre (Frankreich)

ist als Erfinder genannt worden

Junkers Flugzeug- und Motorenwerke A.-G., handelnd durch
Deutsche Revisions- und Treuhand-Aktiengesellschaft, Frankfurt/M.

Luftgekiihlte Hohlschaufel, insbesondere fiir Gas- und Abgasturbinen
Patentiert im Gebiet der Bundesrepublik Deutschland vom 21. Mai 1943 an
Der Zeitraum vom 8.Mai 1945 bis einschlieBlich 7. Mai 1950 wird auf die Patentdauer nicht angerechnet
(Ges. v. 15.7.51)
Patentanmeldung bekanntgemacht am 29 Januar 1953
Patenterteilung bekanntgemacht am 27. August 1953

Erteilt auf Grund des Ersten Uberleitungsgesetzes vom 8.]uli 1949
(WiGBL 5. 175)

BUNDESREPUBLIK DEUTSCHLAND

AUSGEGEBEN AM
25. OKTOBER 1956

DEUTSCHES PATENTAMT

PATENTSCHRIFT

N: 951160
KLASSE 27¢c GRUPPE T7os
INTERNAT. KLASSE F 044 ———
Jazbplaf2ze

Dipl=Fng. Siegfried Decher, Décize, Niévre (Frankreich)

ist als Erfinder genannt worden

Junkers Flugzeug- und Motorenwerke A.G.,, Dessau

Einrichtung zum Vermeiden des AbreiBens der Strémung
in Axialverdichtern
Patentiert im Gebiet der Bundesrepublik Deutschland vom 2. Mérz 1943 an
Der Zeitraum vom 8. Mai 1945 bis einschlieBlich 7. Mai 1950 wird auf die Patentdauer nicht angerechnet
(Ges. v. 15.7.151)
Patentanmeldung bekanntgemada! am 7. Mai 1963
Patenterteilung bekanntgemacht am 4, Oktober 1956

Die Erfindung \}ez)cht sich auf eine Einrichtung
iBens der in

axial durdlstromlen Verdachtzm
h kénnen in axial d Ver-

dichtern groBe Mengen bei im Verhiltnis 2u radial
oder gar zu K n

kleineren ver-
arbeitet und dabei giinstige Wirkungsgrade erzielt
werden. Diesen Vorziigen steht nachteilig die Tat-
sache entgegen, daB sich giinstige Wirkungsgrade
nur in einem verhiltnismaBig schmalen Betriebs-
bereich erreichen lassen; ein Nachteil, der sich mit
der Anzahl der Stufen steigert.

Férdert nimlich ein axial durchstrémter Ver-
dichter eine groBere Menge, als seinem giinstigsten
Betriebspunkt entspricht, d. h. als der Menge ent-
spricht, fiir welche er ausgelegt ist, dann sinken
Férderdruck und Wirkungsgrad zunfichst langsam,
dann immer schneller ab. Dieses Absinken ist zwar
energiemifig unerwiinscht, fihrt aber noch zu 20
keinen Betriebsschwierigleiten, wenn eine geniigend
groBe Arbeitsleistung zum Antrieb des Verdichters
zur Verfiigung steht und die geringere Verdichtung
in Kauf genommen werden kann, Wesentlich un-
giinstiger liegen jedoch die Verhiltnisse, wenn der a5
Verdichter eine zu kleine Menge verarbeiten soll.

5
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Feb. 9, 1954 H, OESTRICH ET AL 2,668,585
FUEL FEED CONTROL FOR GAS TURBINE ENGINES
Filed July 27, 1948

July 2, 1968 S.H. DECHER ETAL 3,390,527
HIGH BYPASS RATIO TURBOFAN

Original Filed Feb. 26, 1965 3 Sheets-Sheet 1

Wik

40

INVENTORS.
o SIEGFRIED H. DECHER

o~ il BY ﬁnu.z H._RAUGH
2 NEYS.

Figure 9.80: Examples of jet engine patents by Siegfried Decher.
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Bruno Bruckmann (Austrian, 1902-1997), Peter Kappus (German, 1910-2008), Hermann Ostrich
(German, 1903-1973), R. Walter Brisken (German, 1914-2011), and others developed the BMW
003 axial-flow turbojet engine (first run in 1940, Fig. 9.81). At least 3500 BMW 003 engines were
produced during the war. The BMW team also built prototypes of the larger, more advanced BMW
018 axial-flow turbojet engine, and they were developing the BMW 028 turboprop engine (p. 1748).

Norbert Riedel (Austrian, 1912-1963) built turbojet starter motors and also motorcycles.

Karl Leist (German, 1901-1960) built and demonstrated the first functional turbofan engine, the
Daimler-Benz DB 007, also known as the Zweikreis Turbinen-Luftstrahltriebwerk ZTL 6001 (began
development 1939, first run 1 April 1943). See pp. 1746, 5233-5241. At least three DB 007 turbofan
engines were produced. The Heinkel company was also developing turbofan engines.

Gyorgy Jendrassik (Austro-Hungarian, 1898-1954) designed the Jendrassik Cs-1 turboprop engine
in 1937 and first ran it in a test stand in 1940 (Fig. 9.83).

During the war, there were several notable turboprop engine development projects, including the
Jumo 022 (p. 1748), BMW 028 (p. 1748), and Heinkel He S 021 (a turboprop version of the He S
011, p. 1731).

Ferdinand Brandner (Austrian, 1903-1986) worked at Junkers during the war developing engines
such as the Jumo 012 turbojet and Jumo 022 turboprop. After the war, he built copies (NK-12) of
the Jumo 022 turboprop in Russia and then developed jet engines (such as the Egyptian E-300) in
several other countries. See Fig. 9.85.

According to official histories, none of the turbofan or turboprop engines were used on aircraft
before the end of the war. However, historians should carefully investigate whether some of the
turbofan or turboprop work may have actually progressed further during the war, and how much
it influenced postwar work on turbofan and turboprop engines, in view of:

1. The high priority placed on intercontinental jet bombers in the final years of the war.

2. The significantly higher fuel efficiency and hence longer range enabled by turbofan and tur-
boprop engines compared to turbojet engines.

3. The great secrecy with which both wartime German scientists and postwar Allied investiga-
tors would have handled jet engine technology that was so advanced and had such strategic
implications for intercontinental bombing.

For more information on wartime programs to develop intercontinental jet bombers, see Sections
E.1 and E.6.
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Bruno Bruckmann Peter Kappus Hermann Ostrich
(1902-1997) (1910-2008) (1903-1973)

BMW 003 turbojet engine,
first demonstrated in 1940

Figure 9.81: Bruno Bruckmann, Peter Kappus, and Hermann Ostrich led the team that developed
and mass-produced the BMW 003 turbojet engine.
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Karl Leist (1901-1960) ’

First turbofan engine ;
Daimler-Benz DB 007
(demonstrated 1943)

Figure 9.82: Karl Leist built and demonstrated the first fully functional turbofan engine, the
Daimler-Benz DB 007, in 1943.
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Gyorgy Jendrassik
(1898-1954)

Jendrassik Cs-1 turboprop engine
(designed 1937, first run 1940)

Figure 9.83: Gyorgy Jendrassik designed the Jendrassik Cs-1 turboprop engine in 1937 and first
ran it in a test stand in 1940.
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Jumo 022 turboprop engine
.

.

BMW 028 turboprop engine

Figure 9.84: Turboprop engines under development during the war included the Junkers Jumo 022
(a postwar Soviet copy, NK-12, is shown), the BMW 028, and a turboprop version of the Heinkel
He S 011 (p. 1731) dubbed the He S 021.
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Ferdinand il \ o

Brandner
(1903-1986)

E-300
turbojet =

Jumo 022, a.k.a. NK-12,
turboprop engine is
still in service on the

Russian Tupolev Tu-95

Figure 9.85: Ferdinand Brandner worked at Junkers during the war developing engines such as the
Jumo 012 turbojet and Jumo 022 turboprop. After the war, he built copies (NK-12) of the Jumo
022 turboprop in Russia and then developed jet engines (such as the Egyptian E-300) in several
other countries.
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After the war, Bruno Bruckmann and Peter Kappus from the BMW group moved to the United
States and designed jet engines for General Electric. See Figs. 9.86-9.97. Some of their postwar GE
engines included the J47 turbojet engine (first run 1947, while Bruckmann and Kappus were still
officially based at Wright Field but working with GE in nearby Evendale, Ohio), J73 turbojet engine
(first run 1953), J79 or CJ805 turbojet engine (first run 1954), and TF35 or CJ805-23 turbofan
engine (first run 1956). One of the most impressive projects by Bruckmann and Kappus was the
Y J-93 engines for the Mach 3+ XB-70 Valkyrie (Figs. 9.89-9.90). The XB-70 made its first flight
in 1964, and Life magazine highlighted Bruckmann’s accomplishments [Wheeler 1965]:

Bruno Bruckmann. G.E. assigned him to build the engines for the B-70. Bruckmann
was born in 1902, the son of a pulp mill director, in the village of Miihlbach in the
Italian-Austrian Alps. With an engineering degree from the Technische Hochschule of
Munich he eventually went to work at the Bayerische Motoren Werke designing aircraft
engines. He started building primitive jets for Hitler in 1939 and, by 1941, hitched his
first two practicable engines to a Messerschmitt. The jets were so feeble that a standard
piston engine had to be glued on for insurance.

When the war ended, B.M.W. had been bombed out of four different plants and the
jet works had been moved for safekeeping into salt mines 2,000 feet underground. In
1946 the U.S. Air Force “invited” Bruckmann to come for a lengthy visit to the U.S.
He is tall, precise, silver-haired and looks and sounds like a casting director’s dream of
a Prussian nobleman.

“It wasn’t a social invitation. Perhaps I could have refused it—although that might
have made the Air Force unhappy,” Bruckmann said recently, “But I was not going to
refuse. After all, I was aware the Russians might invite me.” [...]

Most of the other revolutions Bruckmann wrought are classified Pentagon secrets. They
include such exotic concepts as the internal use of rare new alloys, or using fuel to soak
the heat out of lubricating oils, or an exacting process of tuning lengths of pipe like
a violin to cut out sympathetic vibrations. The results add up to a monster engine,
doubling the output of its predecessor and delivering 30,000 pounds of thrust, or six
pounds of push for every pound it weighs, capable of sustained operation in ferocious
temperatures of more than 2,500° F in the afterburners. They called it the YJ-93.

Bruckmann and Kappus even designed jet engines that heated the air via nuclear fission instead of
chemical combustion reactions. For example, they developed the GE X211 nuclear turbojet engine,
which was first demonstrated in 1958 (Fig. 9.91). Two GE X211 engines would have powered the
proposed Convair NX-2 bomber, which was cancelled before it could be completed [Carpenter 2003].

Kappus was also a longtime designer and proponent of vertical takeoff and landing (VTOL) aircraft.
In September 1957 (before Sputnik!), he filed a patent application on a VTOL vehicle that was
ultimately implemented as the Lunar Landing Research Vehicle to train astronauts to land the
Apollo Lunar Module (first flight 1964, with the vehicle’s legs and pilot’s position modified to
resemble the final Lunar Module design, Fig. 9.95). Beginning in 1957, he filed several patent
applications on VTOL aircraft with downward-pointing ducted fans in the wings and/or body
(Figs. 9.96-9.97). That approach was successfully implemented in aircraft such as the Ryan XV-5
Vertifan (first flight 1964) and the Lockheed Martin F-35B (first flight 2008).

After the war, R. Walter Brisken from the wartime BMW jet engine group also moved to General
Electric, where he developed the GE LM2500 gas turbine power plant that has been widely employed
in ships and industrial applications since the 1960s (Fig. 9.98).
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Bruno Bruckmaniero-in Allied custody, 19
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Austrian native
was GE manager

BY L. PATRICE SANDERS

The Cincinnati Enquirer

Bruno W, Bruckmann, a former
jet expert at GE Aircraft Engines
in Evendale, died Tuesday at his
Phoenix home. The former Green-
hills man was 94,

Mr. Bruckmann worked at GE
for 17 years. During that time, he
managed the engineering develop-
ment of major engine programs
including the J47 fighter engine,
the Mach 3 J93, the X211 engine
for a nuclear-powered experimen-
tal.bomber and the SST, the first
large and technically difficult en-
gine for the U.S. Supersonic
Transport, according to friends.

Born in Austria in 1902, he was
graduated from the University of
Munich in Bavaria, Germany, re-

P A —

e e

ceiving a mas-
ter's degree iIn
engineering. Af- | §
ter graduation,
aircraft engines |
became the cen-
ter of his profes-
sional career.

He worked as
vice president of :
engineering at Mr. Bruckmann
Bavarian Motor Works in Germa-
ny. In 1945, he began fours years
of work for the United States Air
Fnrn'.

Then he went to work for Gen-
eral Electric in Cincinnati.

He lived in Cincinnati for the 17
years he worked for GE. After
retirement in 1967, Mr. Bruck-
mann moved to Phoenix with his
wife of 56 years, Johanna.

The airplane engine pioneer
was respected in his field. Known
to GE employees as a “warm and
mspiring manager,” according to a

1751

r—

1967 Enguirer article, he was in-
ducted into the GE Aircraft Engine
Business Propulsion Hall of Fame.

He was known as an excellent
manager of people and outstanding
engineer by all who knew him, said
his friend, M.C. Hemsworth of
Springdale.

Mr. Hemsworth also called him
an unusually fine gentleman.

Other survivors include five
children; Antje Bruckmann Hirt of
Munich, Germany, Albert Narath
of Albuguerque, New Mexico, Hel-
mar Narath of Boston, and Wolf
Bruckmann and Dieter Bruck-
mann, both of Spittal, Austria; 11
grandchildren and four
great-grandchildren.

Services were held in Phoenix.
Memorials should be directed to
the Arizona Humane Society, 9226
N. 13th Ave., Phoemx, Ariz.
85021.

Figure 9.86: Top: Bruno Bruckmann in Allied custody, 1945. Bottom: Bruckmann’s obituary
[Cincinnati Enquirer, 15 June 1997, p. 32].
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Examples of jet engines developed for General Electric
by Bruno Bruckmann and Peter Kappus

o

J47 turbojet

engine (1947)

J73 turbojet
engine (1953)

Figure 9.87: Some examples of postwar jet engines developed for General Electric by Bruno Bruck-
mann and Peter Kappus include the J47 turbojet engine (first run 1947) and the J73 turbojet
engine (first run 1953).
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Examples of jet engines developed for General Electric
by Bruno Bruckmann and Peter Kappus

J79 (CJ805) turbojet engine (1954)

/

Figure 9.88: Other examples of postwar jet engines developed for General Electric by Bruno Bruck-
mann and Peter Kappus include the J79 or CJ805 turbojet engine (first run 1954) and the TF35
or CJ805-23 turbofan engine (first run 1956).
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P

ned the YJ-93 engines

8

Bruno Bruckmann desig

for the Mach 3+ XB-70 Valkyrie (first flight 1964)

~

Figure 9.89: Bruno Bruckmann designed the engines for the Mach 34+ XB-70 Valkyrie (first flight
1964).
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Figure 9.90: Bruno Bruckmann designed the engines for the Mach 34+ XB-70 Valkyrie (first flight
1964).
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Bruno Bruckmann
designed the
GE X211 nuclear

turbojet engine Booster Jets
(first demonstrated
in 1958)

Set of two GE X211
Nuclear Jet Engines

Two GE X211
engines would
have powered SR
the proposed
Convair
NX-2 bomber

=<7

T

Figure 9.91: Bruno Bruckmann designed the GE X211 nuclear turbojet engine (first demonstrated
in 1958). Two GE X211 engines would have powered the proposed Convair NX-2 bomber [Carpenter
2003].
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17.0KTOBER 1841

REICHSPATENTAMT

PATENTSCHRIFT

N 712363
KLASSE 46¢* GRUPPE 7

B 182065 laj46c*

3 Dipl.-Ing. Bruno Bruckmann in Berlin-Spandau 3
ist als Erfinder genannt worden.

BMW Flugmotorenbau Geselschaft m.b. H. in Miinchen

bei mehrreihigen huftgekiihlten S

Verfahren zur Verbesserung der Kiihlwirk

Patentiert im Deutschen Reich vom 24, Februar 1938 an
Patenterteilung bekaantgemacht am- 18 September 1941

Gemii# §2 Abs. 2 der Verordnung vom 28 April 1938 ist die Eckiirung. abgegeben worden,
da# sich der Schate auf das Land Osterreich erstrecken soll.

Bei mehrreibigen Sternmotoren mit Luft-
kithlung bereitet die Kilhlung der hinter dem
ersten Zylinderstern liegenden Zylinder der

liegenden Zylindertcile diese frihzeltig ru
Klopferscheinumgen neigen. Damit ist be-
kannilich auch ¢l rascher Temperaturanstieg
der Zylinder verbnden, so dab

folgen

5 der erste Zylinderstem stark abschirmend
wirkt. Man verwendet. daher besondere Leit-
blechanordnungen und besonders ausgebildete
benverklcidungen, um eine 1chemd
Kiblwirkung der hinteren Zylinderreihen
10 ¢inigermaBen sicherzustellen. Eine Durch-

o Ferkleid: 1

eine Kilhlung mit den normalen Mitteln micht a5
mehr moglich ist.

Es wiirde in der Regel geniigen, diejenigen
Zylinder, die schlechter gekiihlt sind, nur um
wenige Grad in ihrer Temperatur abzusenken,
um zumindest die frifhzeitige Klopfned m

G Ist cin Tricbwerk dann so aus-

um den Luftdurcheats zu crhbhen, ist in vielen
Fillen nicht mebr tragbar. Durch eine solche
Sy b

g steigt 0
daB die Fluggeschwindigkeit erheblich her-
untergeht. Der Verlust an Fluggeschwindig-
keit steht in keinem Verhiltnis zu dem ver-
‘hiilnismibig geringen Khlgowinn.

Es hat sich nun geseigt, dab durch die
30 hohere Temperatur der im Windschatten

&

gerichtet, daB similiche Zylinder anniibernd
cinen gleichen Temperaturverlauf besitzen,dann
istin der Regel mit den normalen Mitteln, ohne
eine 7o ¥
miissen, eine wirksame Kihlung méglich.
Es wird in ecinem solchen Fall keiner der
Zylinder durch vorzeitige Klopfncigung ¢inen
raschen Temperaturanstieg mehr besitzen, der
die Gbrigen Zylinder in Mitleidenschaft zicht ¢
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Figure 9.92: Examples of jet engine patents by Bruno Bruckmann.
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Figure 9.93: Examples of jet engine patents by Peter Kappus.
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Figure 9.94: Examples of jet engine patents by Peter Kappus.
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2,936,973

May 17, 1960 P. G. KAPPUS 2,936,973 ited S P Off
United States Patent Office ,,....u>otin
VIOL AIRCRAFT

Filed Sept. 6, 1957 1 )
eration. This is attained within a vehicla of relatively

smiall diameter for its thrust capabilities.
4 My invention will be better undersiood from the fol-
2,936,973 Iowing description. taken in conneation with the accom-
panying drawing and its scope will be pointed out in the

o, /- vroL amewar: g Eea

Peter Gotifried Kappus, Cincinnati, Ohlo, assignor to
General Electric Company, a corporation of New York

Application September 6, 1957, Serlal No. 682,328
6 Clalms. (Ch 244—23)

Figure 1 is an elevation view of the VTOL aircraft of
the instant invention as it would appear on the ground

Figure 2 is a cross sectional view illustrating the in-
tertials of such ar aircraft.

Vi 2 Ref;:rmgh r:‘lm o Figure 1, o VIOL alreraft of the
ype described in the instant invention, may be termed
N T V4 The present invention relates to @ VIOL aircraft and, 15 & fying engine, since, in effect, it consists of nothing
FluT G o more particululy, to a vertical {ake-off and landing more than a barrel-Jike housing generally indicated at
) craft using a docted-fan enpine in which a smooth ox- 10, which is supported at one end in a vertical position
40 ternal vehielo surface completely encloses all the rofut-  on the ghmund by suitable supporting means 11 and car-
77 ing and control elements. ries at the ether or upper end & load carrying platform
FUEL CONTEOL V] Tn recent years, much emphasis has been placed on go 12 which may nccommodate the pilot 13. The pilot
4 EE -
the development and perfection of the so called VIOL ~ may or may not be enclosed by a suitable protecting
or vertical take-off and landing type of aircraft, Thisis  canopy 14. In order to pilot the aireraft, 2 suitable cone
- an airerafl (hat requires no runway and takes off divectly  trol panel 15 is provided.
72 0l upward or substantialiy so and is then directed forwardly As shown in Figure 2, housing 10 may be a tubular
‘ by either shifting weight or by suitable control surfaces 25 housing of generally :.yl.mdmal shape although it is not
| // 10 provide a horizontal component of force. In some  limited to the eylindrical form. Couxially arraned with-
24 | ller dri £ VTOL fi, the whol the h lant of the
| 2] Ve 1ypes of aircraft, the whole ve- in the housing is a powerplant of the jet engine type.
28 | propeller driven

E icle or engine is (ilted for borizontal fight. The ad- “This may preferably comprise a gas generator cogine of
- vent of the jer engine has indicated it 10 be a desirable the axial flow type including a compressor section 16,
27 powerplant for such an aircraft if suitable contro! means 80 a combustion section 17 which may be annular or can-
I” 0 and size can be obiained in an efficient vehicle to make  Mular as shown, und & turbine scction 19, This strue-
——_—— -—— the project feasible. As is well known, the jct cngine  ture which, in effect, s a turbojot engine minus the noz-

i 3 . HE D consumes relatively high quantities of fuel which can  Zle is generally refemred to as the main engine.
i be a distinct diszdvantage in WTOL aircraft which are In order to provide for economical operation with

) 2 5 P
designed for subsonic ar low subsonic forward operations 85 relatively low specific fuel consumption within 2 vehicle
| it that the vehicles have & very short range of operation.  Of much smaller diameter than heretofore belisved neces-
22. Another disadvantage is that stich vehicles are mhmnﬂy sary, T employ a powerplant of the ducted fan tvpe. This
unstable in flight, Consequently, thete is a meed for a  may comprise a free rotating furbine 20 having fan blades
"/ 10 vehicle of this lype which will have a clean outward ap- 21 on the extremity thercof.
/ pearance wilhin practical size limits and be capable of 40  For compactness of operation and high ratio of fuel
i o sustained flight at high subsonic operation with a practi- load to gross load, fucl tanks 22 may form the ovter cas-
23 - -1 cal specific fucl consumptian. ing of (he £as generator or main engine, The el tanks
" Many of the VTOL airceaft of the type discussed here are supported within housing 10 by means of struts 23
39- g are nothing more than fying engincs with a load plat-  and 24, In order to provide for aligned rotution of the
Py | 0 50 :‘Jm-m 10 carry the pilol.  Devices of this type, which have g5 1;!":;1!; :mdk oimpraunr, bearing 25 is supported from
- hus far been perfected, have been cither propeiler oper-  the fuel tanks by struts 27 and from the housing by strut
| A8, /7 1 ated or, in thosc employing jet engings, have been limit- 28 and bearing 26 is supported from the fuel tank by
| 2\ 2 ed by very short flight duration, time, and relatively Jow  strut 29. The engine shaft 30 is supported in these
| i i speeds, bearings.
| 7N It is.a primary object of the present invention to pro- gy 1€ ificreased mass flow oblained by the use of the
- » vide o VTOL aircraft which will have & mud, gucled fan engine is obtained by the provision of the
e XLW sustained operation time with economy of of ypass duct 31 between the houvsing and the engine in
23 % 1 2%, fuel consumption and which is capable of h,,_he, fm;m which ducted fan blades 21 compress additional air for
/A 4 ” speeds than similar aircrafts heretofore k increased mass flow, Fan blades 21 are driven by free
Another object of the invention is to provide such a gg [Urbibe or turbines 20 which arc supported in bearing 32
) I wehicle which ias a high ratio of fuel foad (o gtoss weight  SCP2rate from beariug 26. Thus the tarbine 20 is dis-
| and is sclf contsined in that all the rotating parts anc connecied from and freely rotatable with respect to the
7% confrols are campletely enclosed within the vehicle jt-  Main engine. Itis to e noted that the free fan may com-
| self lo prevent external drag and provide completely  Prise a single stage, or pluralily of siages as shown which
2 .
- flexible control. gp Stages may rotme in the same direction as the main en-
25 f £ /9 24 ‘A further object is 1o provide such a vehicle which & of in the opposie dircction, In addition, if o plu-
attains these objectives by the use of & ducted fan cn- rality of stages is provided, the stages may rolate in op-
£ ' | gine in combination with cnelosed control surfaces in the f;‘[“r‘f;a‘t]l‘;f;‘:;ﬁ’ﬁ‘g;‘; tojone smoher. The rh‘rmx;n
ENTOR. A = : i y the characteristics de-
i el & &szp 5 nnﬁle or exhaust stream within the confines of the ve- 55 dited of the parsiculas powerplant
|} F¥ A . ) L In order to provide air for the powerplant as thus far
Briefly stated 4 Ath my Invention, T o

BY é; e ;_‘ T et Iy fmvertiom, ».Po descrited, the periphery of the housing 10 is supplied
2 L N . et 4 Wlle vide a wehiclo housing which carries a load sustainicg  with 4 phurality of openings preforsbly 12 the Upper por-
= . \) \remia platform at one t:'nd and has_a nczﬂla sl rh? apposite end. tion thereof which openings may be covered by screen
/ 7 l 37 Within the housing, there is provided a “gas generator o Mmomber 33. Thus, substantiatly the whole periphery of
with a ducted fan which is separate from the generator ' .the housing member 10 is an air infake surface. The

Hod Frrosney—

and provides for a larger mass flow and ecomomy of op-

air fer the main engine ficws upwardly around struts 24

Lunar Landing
Research Vehicle
(first flight 1964)

Figure 9.95: In September 1957 (before Sputnik!), Peter Kappus filed a patent application on a
VTOL vehicle that was ultimately implemented as the Lunar Landing Research Vehicle to train
astronauts to land the Apollo Lunar Module (first flight 1964, with the vehicle’s legs and pilot’s
position modified to resemble the final Lunar Module design).
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April 6, 1965 P. G. KAPPUS 3,176,934

VIOL ATIRCRAFT

Filed Sept. 6, 1957

Ryan XV-5 Vertifan
with 1 fan in each wing

+ 1 fan in the nose
(first flight 1964)

FETER & iarbys
'j»«a‘r&un.._-

Lockheed Martin
F-35B with 1 fan
behind cockpit
~ (first flight 2008)

Figure 9.96: Beginning in 1957, Peter Kappus filed several patent applications on VTOL aircraft
with downward-pointing fans in the wings and/or body (see also Fig. 9.97). That approach was
successfully implemented in aircraft such as the Ryan XV-5 Vertifan (first flight 1964) and the
Lockheed Martin F-35B (first flight 2008).
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Oct. 19, 1965 P. G. KAPPUS 3,212,731 Oct. 19, 1965 P. G. KAPPUS 3,212,731

PAN POWERED AIRCRAPT FA4N FOWERED AIRCRAFT

Filed Sept. 9, 1963 2 Sheets-Sheet 1

Filed Sept. 9, 1963 2 Sheets-Sheet 2

INVENTOR.
FPLTER & £RFPUS

J}w\r Gublr

INVENTOR.
FETER G, £RPPYUS

EC T T R

Rrremley — FrroRnEY —
April 12, 1960 P. G. KAPPUS 2,932,468
United States Patent 1 3,618,875 VIOL AIRCRAFT
Filed Dec. 6, 1957
[72] Inventor Peter G. Kappus Primary Examiner—Milton Buchler
Cinclanatl, Ohlo Assissant Examiner—Steven W. Weinrieb
[21]1 Appl No. 801,293 Attormeys—Derek P. Lawrence, E. S. Lee, lll, Lec H. Sachs,

[22] Filed Feb. 24, 1969 Frank L. Neuhauser and Oscar B. Waddell
[45] Patented Nov.9, 1971
73] Assignee  General Electric Company -
3 ABSTRACT: A V/STOL aircraft comprises a fuselage having
tandem wings which are offset lengthwise and vertically.

prop nit provided in each wing half. Each

power unit comprises a pair of gas generators mounted respec-

tively above and below the wing half and a pair of lift fans

1541 rﬂ:‘;:’:g;::m mounted within the wing structure on opposite sides of the en-
gines. A valve system diverts the hot gas stream of the engines

[£73 1 153 o RES—————————————— _ 1} ¥} -4 into a plenum chamber formed integrally with the wing struc-

ture. The hot gas streams are then directed from the plenum
chamber 1o a tip turbine which powers the lift fans when verti-
«<al thrust is desired in operation of the aircraft. When forward
specd of the aircraft is great emough for the aircraft wings to
have sufficient lift, the hot gas streams are directed through
propulsive nozzles providing a forward thrust component. In

UNITED STATES PATENTS cruise, one engine of cach power unit could be shut down.
2,973,166  2/1961 Suhmer 244/23 Each engine and cach lift fan has emergency capacity which is
3,161,374 12/1964 Allred et 244/12 automatically brought into play in the event of a failure of a
3,289.975 12/1966 Hal 244/85 lift fan or eagine, with proper adjustments being made 10 the
3,131,873 5/1964 Sa 244/12 other power units to maintain balance and controlled opera-
3,267,667 8£/1966 Erwin 24423 tion of the aircraft in the lift mode.

[51]
150]

156)

IJ § 2 INVENTOR.

FETER 6. KHPPYS
O Bl Bulle

ArTORMEY —

Figure 9.97: Other examples of VTOL jet vehicle patents by Peter Kappus.
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R. WALTER BRISKEN
August 8, 1986
1356 SHIPWATCH

R. Walter Brisken (1914-2011) developed e T
the GE LM2500 gas turbine power plant
for ships and industrial applications

Officer in Charge of Construction, TRIDENT
Attention: Code 09XE3

293 Point Peter Road

St. Marys, Georgia 11558

Subject: Public Hearing for Draft Third Supplement Environ-
mental Impact Statement "St. Marys Entrance Chan-
nel Dredging", held at Fernandina Beach High
School, Fernandina Beach, Florida on July 31,
1986.

Dear Sir!

The following is my written statement concerning the
above subject.

After 41 years of research, engineering development,
project leadership and management I retired six and a half
years ago as Program General Manager, Marine Projects, Gen-
eral Electric Co. in which position I had the full respon-
sibility for the LM 2500 marine engine which now powers all
the non-nuclear powered destroyers, frigates and hydrofeils
of the US Navy built since 1970 and currently being built.
When I retired at the end of 1979 Vice Admiral, US Navy C.
R. Bryan, Commander Naval Sea Systems Command wrote me 4
letter in which he said "I can not help but think that the
Navy is losing a very good friend".

Figure 9.98: R. Walter Brisken developed the GE LM2500 gas turbine power plant for ships and
industrial applications.
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Other BMW aircraft engine experts who moved to the United Stated included Rudolf Ammann
(German, 1977-1977, an expert on piston aircraft engines and on wind turbines) and Christoph
Soestmeyer (German, 1977-1977, an expert on jet engine testbeds to simulate high altitudes, such
as the wartime BMW Herbitus facility in Munich).

Some other BMW jet experts, such as Hermann Ostrich, Hans-Georg Miinzberg (Austrian/German,
1916-2000), August Wilhelm Quick (German, 1977-1977), Otto David (German, 1977-1977), and
others, developed jet engines and jet aircraft in France after the war (Fig. 9.99).

René Lorin (French, 1877-1933) proposed the general notion of a ramjet in 1913 but did not have
the resources to pursue the topic; ramjets are sometimes called Lorin tubes after him. In Germany,
separate, well-funded teams led by Otto Pabst (German, 1977-1977), Eugen Sénger (Austrian,
1905-1964), and Hellmuth Walter (German, 1900-1980) developed and demonstrated fully func-
tional ramjets during World War II. Figure 9.100 shows Séanger’s ramjet being successfully tested
in 1942. In the United States, Fritz Zwicky (Swiss, 1898-1974) designed and proposed ramjets, but
was unable to find any financial or political support for such an innovative concept.

Just as ramjets work best at supersonic speeds but can be modified to operate at hypersonic
speeds as scramjets, they can also be modified to work at subsonic speeds as pulsejets, as shown
in Fig. 9.53. With no active compressor and only minimal compression from stagnation effects, the
combustion products could easily escape through the front diffuser of the engine instead of through
the rear nozzle as intended. To avoid this problem, the diffuser must be open when taking in air,
but closed when combustion occurs. This means that combustion must occur in a pulsed rather
than continuous fashion, and the front air inlet must cycle open and closed at the appropriate
times during each pulse. In order to imitate continuous combustion, the pulses must occur at fairly
high frequency, typically ~40-50 cycles per second (or Hertz, Hz). The air intake generally uses
mechanical shutters or valves that can be opened and closed at such a high frequency.

Paul Schmidt (German, 1898-1976) created the first major pulsejet engine of note—the Argus As
014 engine that ended up being used in the V-1 missile, which is discussed in Section 9.6. Figure
9.101 shows an Argus engine with one side cut open. The engine used mechanical shutters and a
pulse frequency of 43 Hz to produce 3.3 kN (750 1b) of thrust during flight. Since there was no active
compressor, a steam-driven catapult was used to rapidly accelerate the V-1 to an airspeed where
its engine could achieve self-sustaining flight (p. 5279). The V-1 was essentially the world’s first
cruise (non-ballistic) missile, and became known as the “buzz bomb” because of its engine’s very
loud and distinctive frequency. The engine’s low energy efficiency (due to its minimal compression
of the intake air) and inherent problems with vibration were offset by its very simple design and
attendant low cost and high thrust-to-weight ratio.

During the Third Reich, many of the jet engine and jet aircraft development programs were funded
by the Reichsluftfahrtministerium (Reich Ministry of Aviation). Two individuals there who were
especially important in championing and guiding the jet programs were Helmut Schelp (German,
1977-197?7) and Hans Mauch (German, 1906-1984). After the war, Helmut Schelp went to the
United Kingdom, and Mauch went to the United States. Ultimately Mauch became much better
known for his wartime and long postwar work developing prosthetic limbs, rather than for his earlier
work on jets; see Sections 2.7.2 and A.2.
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THIS PAGE DECLASSIFIED IAW EO 13526 AFHRA A2055 Frame 1257

“XPL.1TATION OF OERNAN SC1ENTISTS BY
FRANCE AND RUSSIA

Toe foliowing typioal cases are presented as evidence of French-
iusslan efforts and suseesses and Americen fallures in eontrast-
ing top ranking German seientists and teehnieians.

l. Case "Cestrich" (Franee)

a, Dr. Oestrish has been in sharge of Jjet development at
Ji&l. Snortly before She Russian invasiea he was takem to kunieh
by American autnorities. After a lomg and fruitless waiting
period durin; w.ich Cestrieh hoped for an Amsriecan eomntract, he
entered into negotiatioms with Franse. Dr. Oestrieh had secured
the cooperation sf his bdest solladerators by private eontracts
in edvance. 1n November 1946 Oestrich amd these ccllaborators,
first olass speeialiasts Shroughout, wveat as a group of 85 %o
Linaau in the Freneh eceupied some. Previocusly, Cestrich had
stiown his PFrench contracts to one of the soclientists now at Wright
“ield. Ascording to this contrast, the Fremeh government made
tue wcit generous arrangements to immediately accomodate these
aclentists and their families. The contrast runs for a period
of 4 years, during whieh time Oestrieh expeets to employ approxi-
wmteiy 1,000 people. Dr. Cestrieh is sole chief of the under-
taking and direstly responsidble to the respective Prensh iinistry.
tde receives the same salary as in Oermany, shares substantially
in ti= profits derived from his designs and patents, and has
full =uthority to hire and fire as be pleases. Aseording to
latest reporta, Oestrieh already has gathered a staff of 500, i»
travelirg freely throughout the Amerisan Zonse and has suceeeded
in oontraoting some of BMN's and Deimler-Bems's top raniking
engineers. It may be safely asseumed that it 1s Oestrich's
intention mmd immediate aim % gather all leading German jet
enginecrs still in Oermany under Prensh contrects in France.

b.. One of the seientists now at Wright eld 1s Dr. Ansels
"rang, former chief of jet development at s, and designer
of we Junkers 024. 1n view of long serm future projests in
this country, Ir. Frans 1s in need of some of his top ranking
speclalist collaborators. Some of the pecple who fall i:r t-is
category, particularly Dr. 81@“ Decher, have been officially
requested by 'r. Prans soms age. %0 the lask of eny
notificazion by american authorities upon this request, or by
iT. Frans himself -- PFrans is uUnable %° write because of present
ria:rictions =« Techer has msanwhile ascepted a Prench contrast
sttn v, Oestrieh. A few days age Dr. Decher informed Dr. Prans
via rs. ‘rans by wire that Franee intends very shortly to move
all uerran scientists to the interiocr of Prance (Pyrenees), and

Figure 9.99: Many German and Austrian experts such as Hermann Ostrich developed jet engines
and jet aircraft in France after the war. Donald L. Putt. 13 June 1946. Exploitation of German
Scientists by France and Russia [AFHRA A2055 Frame 1257].



CHAPTER 9. CREATORS AND CREATIONS IN AEROSPACE ENGINEERING

Eugen Singer’s ramjet being tested
on a Dornier Do 217 aircraft (1942)

Figure 9.100: Eugen Sanger’s ramjet being tested on a Dornier Do 217 aircraft (1942).
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Argus As 014 pulsejet engine on V-1 cruise missile
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Figure 9.101: Argus As 014 pulsejet engine on V-1 cruise missile.
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9.3.2 Jet Aircraft

Willy Messerschmitt (German, 1898-1978), Ludwig Bélkow (German, 1912-2003), and Woldemar
Voigt (German, 1907-1980) headed the team that developed and mass-produced the Messerschmitt
Me 262 Schwalbe (Swallow) twin-engine jet fighter, which was first flown in 1942; see Fig. 9.102. By
the end of the war, there were highly sophisticated underground plants for mass-producing Me 262
fighters despite Allied bombing, such as those at St. Georgen/Gusen and Kahla (pp. 49674969,
5214-5217). An upgraded version of the Schwalbe with integrated jet engines and a two-person
cockpit, Me 262 HG III, was designed but apparently not built before the end of the war (Fig.
9.103). After the war, Messerschmitt developed jet aircraft for Spain, Egypt, and West Germany;
Boélkow created jets and missiles in West Germany; and Voigt worked in the United States.

Walter Blume (German, 1896-1964) led the team that developed and mass-produced the Arado Ar
234 Blitz (Lightning) twin-engine jet bomber, which was first flown in 1943; see Fig. 9.104. After
the war, he played a critical role in developing jet fighters and bombers in the Soviet Union.

The German brothers Walter Horten (1913-1998) and Reimar Horten (1915-1994) developed ad-
vanced flying wing jet aircraft, as shown in Figs. 9.105-9.106.° Their earliest prototypes were
sailplanes, before they were able to obtain jet engines from Jumo or BMW. They designed and
built the twin-engine Horten Ho 229 stealth fighter, which they first demonstrated in 1944. They
also designed the six-engine Horten H.XVIII intercontinental stealth bomber in 1944; there is some
evidence that it may have been built or under construction when the war ended—see pp. 5227—
5231. After the war, Reimar Horten developed aircraft in Argentina while Walter Horten developed
aircraft in West Germany. In addition to the all-wing approach, an important feature of the Horten
brothers’ designs was their stealthy reduced radar cross sections, due to vehicle shapes that mini-
mized direct radar returns, buried engines, minimization of metal components, and use of special
coatings. (For more information on the German creation of stealth technology, see Section 6.8.2.)
The strong influence of the Horten brothers’ designs was felt even many decades later in the U.S.
stealth fighter and stealth bomber.

As shown in Fig. 9.107, postwar jet fighters such as the U.S. F-86 Sabre and Soviet MiG-15 were
directly derived from wartime German designs such as the Messerschmitt Me P.1101 (designed by
Woldemar Voigt and Ludwig Bélkow) and Focke-Wulf Ta 183 (designed by Hans Multhopp and
Kurt Tank).

In fact, the F-86 was developed by Edgar Schmiid (German, 1899-1985), an aircraft designer who
immigrated to the United States before World War II (pp. 1679, 1688). In addition to the Me
P.1101 and Focke-Wulf Ta 183, Schmiid drew upon other German-developed technologies. As just
one example, in 1952, Life magazine reported [Campion 1952]:

In the summer of 1945 two peculiarly interesting objects, sent by air force intelligence,
arrived at the North American Aviation Co.’s Los Angeles plant. One was the wing of
the latest German jet fighter, a Messerschmitt 262, and its batlike design was startling
to the company’s engineers who had never seen anything like it on a plane before. The
other, of even greater interest, was a secret record of German wind-tunnel experiments

9Horten and Selliger 2012; Jorgensen 2009; Myhra 1998b; Shepelev and Ottens 2015.
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on the aerodynamic behavior of radically swept-back wings. Conclusive and exhaust-
ingly thorough, the data (which the Russians also lifted from the files of the Luftwaffe)
saved North American three laborious years of research in designing the Air Force’s
fastest fighter now in operation, the F-86 Sabre jet. As sketched out on the company’s
drawing boards, the F-86 was to be equipped with the conventional straight wing. But
by adapting the German innovations, North American was able to convert its design
from straight to swept-back in only four weeks.

Edgar Schmiid also created the North American P-51 Mustang (1940, based on the 1935 Messer-
schmitt Bf 109), the North American F-100 Super Sabre (1953), the Northrop F-5 Freedom Fighter
(1959), and the Northrop T-38 Talon trainer (1959, widely used by NASA for astronaut training)
[Ray Wagner 2000].

Brunolf Baade (German, 1904-1969) and Giinther Bock (German, 1898-1970) designed jet aircraft
such as Ju 287 bomber prototype (with forward-sweeping wings, first flown in 1944) at Junkers in
Germany during the war, and others such as the Tu-95 “Bear” bomber (with back-swept wings,
first flown in 1952) at Tupolev in the Soviet Union after the war. They also designed a civilian
airliner version of the Tu-95, the Tupolev Tu-114. In those wartime and postwar projects, they
collaborated with engine designer Ferdinand Brandner. See Fig. 9.108.
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Willy Messerschmitt Ludwig Bolkow Woldemar Voigt
(1898-1978) (1912-2003) (1907-1980)

3

Messerschmitt Me 262 Schwalbe (Swallow)
twin-engine jet fighter, first flown in 1942

Figure 9.102: Willy Messerschmitt, Ludwig Bolkow, and Woldemar Voigt headed the team that
developed and mass-produced the Messerschmitt Me 262 Schwalbe (Swallow) twin-engine jet fighter,
which was first flown in 1942.
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Me 262 HG III with integrated engines (model)

Figure 9.103: An upgraded version of the Messerschmitt Schwalbe with integrated jet engines and
a two-person cockpit, Me 262 HG III, was designed but apparently not built before the end of the

war.
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Walter Blume g -~
(1896-1964)

Arado Ar 234
Blitz (Lightning)
twin-engine jet bomber,
first flown in 1943

Figure 9.104: Walter Blume led the team that developed and mass-produced the Arado Ar 234
Blitz (Lightning) twin-engine jet bomber, which was first flown in 1943.
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Horten H.XVIII intercontinental stealth bomber, designed in 1944

.

Figure 9.105: The brothers Walter and Reimar Horten developed advanced flying wing jet aircraft,
such as the twin-engine Horten Ho 229 stealth fighter (demonstrated in 1944) and the six-engine
Horten H.XVIII intercontinental stealth bomber (designed in 1944 and possibly built or under
construction when the war ended—see pp. 5227-5231).
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Figure 9.106: The brothers Walter and Reimar Horten developed advanced flying wing jet aircraft,
such as the twin-engine Horten Ho 229 stealth fighter, which they first demonstrated in 1944.
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Figure 9.107: Postwar jet fighters such as the U.S. F-86 Sabre and Soviet MiG-15 were directly
derived from wartime German jets such as the Messerschmitt Me P.1101 and Focke-Wulf Ta 183.
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Ferdinand Brandner Brunolf Baade Giinther Bock
(1903-1986) (1904-1969) (1898-1970)

Figure 9.108: Brunolf Baade and Giinther Bock (shown with engine designer Ferdinand Brandner,
with whom they collaborated) designed jet aircraft such as Ju 287 at Junkers in Germany during
the war, and others such as Tu-95 at Tupolev in the Soviet Union after the war.
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Sterling Pavelec, professor of aerospace history at the USAF Air Command and Staff College,
explained the fundamental motivation and the ultimate impact of the German jet programs [Pavelec
2007, pp. 148, 154-156]:

Even before the end of the war the Allies realized that the Germans had had an enormous
impact on the evolution of military technology. In the final year of the war in Europe,
the Germans led in nearly all fields of military technology, industrial capability, and
theoretical knowledge. Some of the most impressive gains were in the fields of rocket
technology (both manned and unmanned), turbojet aircraft, submarine technologyl....]
By the end of the war each of the major Allies—the British, the Americans, and the
Soviets—were poised to capture German technology for future considerations. [...]

Turbojets were devised, designed, and developed for their revolutionary potential. The
Germans were the first—and in the end the best—in developing turbojet technology
during the war for a number of reasons. Initially, turbojet development was a natural
evolution of German academic predisposition. The advanced theoretical knowledge in
the institutes of higher learning in Germany translated directly into conditions for de-
veloping nontraditional aircraft and power plants. The “shackles” of Versailles actually
forced the Germans to start fresh without technological baggage. The young Doctor
of Physics, Hans von Ohain, searching for “elegance” in flight, wanted to develop an
alternative to the dirty, noisy, and rough propeller engine. Fortunately, for Germany,
his ideas were accepted by an aviation industrialist who was searching for speed and
efficiency. German aircraft designers were looking for revolutionary technology at the
exact time it was becoming available. And that is not all; Dr. Franz, responsible for the
development of the German axial-flow designs, also found the right time and climate
for acceptance. His theories were proven correct; the Germans were the first to develop
working, efficient axial-flow turbojets. Further, the Germans were devoted to increas-
ingly higher theoretical advancement. In all forms of military hardware, the Germans
were dedicated to developing the highest quality weapons by pursuing the boundaries
of theoretical knowledge. |...]

What held up the development of German turbojet aircraft was the lack of raw materials—
chrome, nickel, and molybdenum—in Germany. Substitutes were found; the machines
were built. [...] The Germans made do with what they had because they had to. There
were no other alternatives. And still the Me 262—and later Ar 234 and He 162—were
better than any Allied turbojet aircraft built during the same period.

The longevity of the German turbojet program is evident in the impact on postwar mili-
tary and civilian applications. The Americans virtually copied most German theoretical
data and applied it directly to experimental programs. Further, German aeronautical
engineers, designers, and technicians were brought to the United States to advance the-
oretical knowledge for their new bosses. The impact of German turbojet engineering
was substantial.

During World War II, the Americans and British were content to continue testing and
with the development of conservative designs. Neither of the Western Allies felt the
pressing need for turbojet aircraft throughout the war. [...]

The Allies did not need turbojet aircraft to beat the Germans; the Germans needed their
turbojet aircraft to have any hope of combatting the Allied bombers over Germany. The
Germans did it first and did it right; and after the war, the Germans kept doing it for
the powers that combined to defeat them in World War II.
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For evidence that appears to demonstrate the development of even more advanced jet aircraft,
including intercontinental jet bombers, in wartime Germany, see Appendix E.

Whether Whittle?

In the English-speaking world, the British engineer Frank Whittle is widely considered the inventor
of the jet engine, or at the very least the co-inventor before or in parallel with the German engineers.
For example, Oxford’s Biographical Dictionary of Scientists says of Frank Whittle: “British engineer
and inventor of the jet engine. The developments from his original designs were used first in the
Gloster Meteor at the end of World War II. Direct descendents of these engines are now the sources
of power for all kinds of military and civil aircraft” [Porter 1994, pp. 721-722]. The biographical
dictionary never mentions Hans von Ohain or any other German-speaking inventors of jet engines
and jet aircraft, apart from briefly remarking that “the Germans had produced the Messerschmitt
Me 262 slightly earlier” than the British. The Oxford scholars do not even attempt to explain
why all of the modern engines that are “now the sources of power for all kinds of military and
civil aircraft” look absolutely nothing like Whittle’s engines of which they are allegedly “direct
descendents,” yet instead bear an uncanny resemblance to the German engines.

Hill and Peterson’s Mechanics and Thermodynamics of Propulsion, which has been the gold stan-
dard textbook of aerospace propulsion since its first edition in 1965, accurately summarized Whit-
tle’s jet milestones [Hill and Peterson 1991, p. 17]:

[...A] company called Power Jets was formed in March 1936 that set to work on the
development of a new engine while Whittle was still finishing his degree program. After
enormous technical, financial, and bureaucratic difficulties, Whittle was able to run the
engine for 20 minutes at 16,000 rpm on June 30, 1939, in a demonstration that at last
convinced the authorities that his concept was valid and worthy of substantial support.
On May 15, 1941, the first British jet aircraft, the Gloster Meteor, powered by the
Whittle engine, flew from Cranwell in Lincolnshire.

After Whittle had demonstrated his engine, the older and very experienced British piston engine
designer Frank Halford (1894-1955) stepped in and streamlined Whittle’s engine as much as he
could, leading to the Halford H-1 or de Havilland Goblin turbojet engine.

The United States actually produced a wartime jet, the Bell P-59 Airacomet, that used Whittle’s jet
engine design. Because of the engine’s weight and inefficiency, the P-59 had a slower top speed and
shorter range than even the piston-propeller P-51 Mustang. An improved U.S. jet, the Lockheed
P-80 or F-80 Shooting Star, was also under development during the war but did not really come
into much use until the postwar period.

Whereas all of Whittle’s and Halford’s engines and the earliest von Ohain prototype engines used
centrifugal flow, most of the wartime German-produced engines employed axial flow and thus looked
far more similar to jet engines used today.
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U.K. and U.S. jets produced during or soon after the war used the Whittle or Halford engine
designs. However, the German jet engineers, designs, and prototypes were scooped up by Allied
countries in 1945 and rapidly became the basis for turbojet, turbofan, turboprop, turboshaft, and
ramjet engine designs that have been used worldwide ever since.

Kelly Johnson, the lead designer of the Lockheed P-80/F-80, compared wartime German and
U.S./U.K. jets [Johnson and Smith 1989, pp. 95-96, 102-104]:

The Air Corps commissioned use of the [Whittle jet] engine in the Bell P-59, originally
designed as a propeller-driven airplane. When the jet-powered version flew in 1943, the
performance was hardly better than that of the piston-powered P-38 and P-51. [..]

The Germans by this time already had a number of jet-powered Me-262s in combat, and
these planes were much faster than anything we had. They were well into the jet age
while we were just starting. The Me-262 was a very good airplane, designed by Willy
Messerschmitt, whose talent I respected. |...]

The main concern turned out to be attack from the rear quadrant, where the German
jets could overtake our aircraft, fly at any matching speed, and have considerably more
time to aim and fire. [...]

The war in Europe ended before the F-80 could be proved in combat there. But devel-
opment, testing, and production continued.

When the Air Corps team went to Germany after the war to inspect military capabilities,
we at Lockheed were invited. |...]

We found that the Germans had been flying the only axial flow jet engine in the world,
fundamentally more efficient than the centrifugal compressors of the British jets because
it was of simpler design. The flow went straight into the inlet and progressed in a straight
line through the engine and out the exhaust. In centrifugal flow, the air goes in two sides
of a rotor, flows perpendicular to the flight path of the airplane, enters the burner cans,
then goes through the rest of the machine; so that it changes flow 90 degrees at least
twice.

As explained by Kelly Johnson, Whittle’s engine was very heavy, complex, and inefficient compared
to the German designs, which were both earlier and more advanced. In the years following the
war, even the British military and British companies abandoned Whittle’s design and adopted the
German designs (see for example Fig. 9.109).

It appears that the early U.K./U.S. jet engines were hampered not only by an inferior design,
but also by a wartime research system that provided far less financial and political support than
jet creators received in Germany. Moreover, during the war, the United States simply copied the
British engine designs without even really trying to significantly innovate and improve upon them,
as the German engineers were constantly doing with their own designs. U.S./U.K. support for jet
innovation drastically increased after the war, once the performance of the German jets and the
rising Cold War tensions with the Soviet Union became clear.
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Figure 9.109: The British Rolls-Royce Avon turbojet engine began as a design project in 1945 and
entered production in 1950. Does this postwar British engine look like wartime German engines
such as the Jumo 004 or wartime British engines such as the Whittle W.17 Hint: What engines,
information, and engine designers suddenly became available to British companies in 19457
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As shown in this section and summarized in Table 9.1, Whittle’s British team was at least two
years behind the German engineers at every step along the way in the development of jet engines
and jet aircraft. In addition to these obvious differences in dates, the historical evidence shows that
the German jet engines and jet aircraft were more sophisticated, more capable, and produced in
greater numbers and greater varieties than their British counterparts.

If runners A and B are in a race, and runner B crosses the finish line two years after runner A, it
would not be even remotely accurate or honest to say that runner B was the winner of the race, or
even the co-winner. The evidence for the development of jets is clear, and historians must be clear
as well. Frank Whittle was a talented engineer, but he was just one among countless engineers who
worked on jet engines in the years following their invention and development by Hans von Ohain
and the other German pioneers of the field.

The skies around the world today are filled with jet engines and jet aircraft that are directly
descended from those created by the German engineers. Whittle’s engines are evolutionary dead
ends that can only be found in museums (Fig. 9.109).

H Jet milestone H German engineers | Whittle team H
First patent application 1925 1930
First proof-of-concept turbojet engine 1935 1938
First practical turbojet engine 1937 1939
First jet-powered flight 1939 1941
First twin-engine jet fighter 1941 1943

Table 9.1: Major milestones in the development of jet engines and jet aircraft, comparing the
German engineers and Whittle’s British team.
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9.4 Parachutes and Ejection Seats

German-speaking scientists and engineers developed and demonstrated application-specific parachutes
(Section 9.4.1) as well as ejection seats (Section 9.4.2) [Harsch 2006a, 2017, 2018; Hirschel et al.
2004; BIOS 466; FIAT 465; NavTecMisEu 247-45].

9.4.1 Parachutes

Hermann Lattemann (German, 1852-1894) and Katharina Paulus (German, 1868-1935) developed
collapsible parachutes and backpack parachutes beginning in 1890 (Fig. 9.110). Lattemann died
testing one of the parachutes in 1894, and Paulus continued to perfect the invention, producing a
final product in 1910.

The parachute designers Gerhard Sedlmayr and Holger Hansen described the contributions of sev-
eral other creators to parachute development; see Figs. 9.111-9.117 [Hirschel et al. 2004, pp. 309—
315]:

The second procedure—a stepwise deceleration—was developed by Waldemar Miiller in
1924; here, a small auxiliary parachute is applied (free bag deployment), which, after
being exposed to the flow, deploys and pulls the main parachute from the packing case
and stretches it. The auxiliary parachute is connected to the apex of the main parachute
by a short interconnecting cord. To improve the automatic procedures, the auxiliary
parachute is, for instance, equipped with a steel spring so that it opens immediately
after being released from the packing case. |[...]

Spherical canopies tend to oscillations if they are excited by small disturbances. At es-
pecially unfavourable circumstances, spherical canopies may even amplify these move-
ments. To let air escape from the parachute canopy, an opening was placed at the apex
of the parachute canopy, which resulted in a reduction of the pendulum-like oscillations.

]

Two essential brake parachutes originated which are still widely applied today. In 1933,
Theodor W. Knacke started his theoretical and practical investigations to achieve the
most effective deceleration of an aircraft in the air and during landing. In 1938, the de-
velopment of the FIST [Flugtechnisches Institut der Technischen Hochschule Stuttgart|
ribbon parachute was carried out by Georg Madelung and Theodor W. Knacke (first
landing in 1939), and in 1941, the development of the guide-surface parachute by Helmut
Heinrich. For the first time, parachutes became technically very efficient due to extensive
theoretical research and numerous systematic experimental developments. |...]

During 1933 and 1945, practical investigations of about 10,000 parachute drops were
performed at the test center Rechlin from aircraft. More than half of these drops were

filmed by high-speed cameras and documented. [...]

In about 1937, the employees of the FIST (Georg Madelung, Theodor W. Knacke, Rudolf
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Isermann and Albert Keller) had the idea to build a parachute whose canopy consisted
only of ribbons. [...] It still bears the name of the institute where it was developed, viz.,
“FIST ribbon parachute”; it is still being utilised today as recovery parachute, e.g., for
reconnaissance drones, and as brake parachute for aircraft, landing space capsules and
the Space Shuttle.

After development work on a parachute canopy that consisted only of ribbons, the first
trials started in 1938. [...]

Under the supervision of Theodor W. Knacke, the FIST ribbon parachutes were further
developed after 1946 in the USA, and various versions of the ribbon parachute resulted
and were employed as brake and recovery parachutes. Probably the most attention-
getting application of the further advanced ribbon parachute was the combination of

several such chutes to a landing system for manned space flight up to the Apollo program
of NASA. [..]

The guide surface parachute of Helmut Heinrich was utilised in the unmanned spaceflight
programs in conjunction with the Mars probe Viking and the Venus probe. |...]

Based on the experiences with ribbon parachutes, the concept was again revised at
FIST, and in 1940, Georg Pirzer and Friedrich Weinig started with the development of
an entirely new ribbon parachute, the so-called “Great-circle Ribbon Parachute (Wako
Canopy Parachute)”. This design exhibits an up to now unprecedented performance.

After World War II, German designs for parachutes were widely adopted by other countries and
used in a variety of aerospace projects, including the U.S. Apollo and Space Shuttle programs
[Hirschel et al. 2004; BIOS 466; FIAT 465]. See Figs. 9.112-9.117.



1784 CHAPTER 9. CREATORS AND CREATIONS IN AEROSPACE ENGINEERING

Hermann Lattemann
(1852-1894)

Katharina Paulus
(1868-1935)

;,' t"r fl
Pl' u'; I;'H m
53 .T Ir

Collapsible
parachute
(1890-1910)

Figure 9.110: Hermann Lattemann and Katharina Paulus developed collapsible parachutes and
backpack parachutes during the period 1890-1910.
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Parachutes optimized for specific applications

Rudolf Isermann Albert Keller Georg Madelung
(18?7-19??) (18?7-19??) (1889-1972)
Waldemar Miiller Georg Pirzer Friedrich Weinig
(18??7-192?) (18??7-192??) (18??7-192??)

Figure 9.111: Creators who developed parachutes optimized for specific applications included Hel-
mut Heinrich (Fig. 9.116), Rudolf Isermann, Albert Keller, Theodor Knacke (Fig. 9.116), Georg
Madelung, Waldemar Miiller, Georg Pirzer, and Friedrich Weinig.
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Figure 9.112: Allied countries studied and copied parachute designs from Germany after World War
IT [BIOS 466; FIAT 465].
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Figure 9.113: Allied countries studied and copied parachute designs from Germany after World War
IT [BIOS 466].
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Figure 9.114: Allied countries studied and copied parachute designs from Germany after World War
IT [BIOS 466].



Figure 9.115: Demonstration of a ribbon braking parachute deployed by a German aircraft, ca. 1940
[Deutsches Museum Archive, photo 39529].
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Figure 9.116: Demonstration of a ribbon braking parachute at Wright Field, Ohio, by parachute
designers Helmut Heinrich and Theodor Knacke in 1946 [Dayton Daily News, 8 December 1946, p.
55].
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Figure 9.117: German-designed auxiliary parachutes, ribbon braking parachutes, and other special-
ized parachutes have been widely used in aerospace applications ranging from Apollo capsules to
the Space Shuttle.
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9.4.2 Ejection Seats

Whereas pilots could simply grab a parachute and jump out of a malfunctioning lower-speed air-
plane, the advent of jet aircraft meant that a pilot attempting to bail out might be pinned inside
the opened cockpit or blown into the tail of the aircraft by the very high-speed airflow. Thus higher
flying speeds necessitated the development of a method to automatically, forcefully, and safely
propel the pilot and parachute away from a malfunctioning aircraft.

At the Junkers aircraft company, Karl Arnhold (German, 1977-1977), Oscar Nissen (German, 1977—
1977), Reinhold Preuschen (German, 1977-1977), and Otto Schwarz (German, 1977-1977) invented
and patented aircraft ejection seats in 1938; see Figs. 9.118-9.119. In 1943, Erich Dietz (German,
1977-1977) filed a further patent application on improvements to ejection seats, as illustrated in
Fig. 9.120.

Under the leadership of Ernst Heinkel (German, 1888-1958), engineers at the Heinkel aircraft
company also developed ejection seats and made them standard equipment on a number of wartime
aircraft. Figure 9.121 shows an ejection seat for a Heinkel 162 jet fighter, as well as an ejection seat
in action in 1941.

After the war, the Junkers and Heinkel ejection seat technology was eagerly adopted by other
countries, and such ejection seats have been used worldwide ever since.

In September 1945, R. P. Linstead and T. J. Betts, the British and American chairs of the Combined
Intelligence Objectives Subcommittee (CIOS), listed a number of important German innovations
for ejection seats and parachutes [AFHRA A5186 electronic version pp. 904-1026, Ch. 4, pp. 58-59]:

The field of German aero-medical research was the subject of energetic investigation by
United States and British specialists. The emergency oxygen bail-out system employed
by the Luftwaffe in high altitude flying was regarded as of particular interest. This sys-
tem permitted the use of the same oxygen mask by the pilot after leaving the plane. The
device consisted of eight tubular bottles of oxygen connected in series by means of high
pressure tubing. A three-way switch was employed which provided for normal supply,
automatic disconnection prior to bail-out, and switching to the bail-out or emergency
supply prior to parachute descent. As a result of this method, delays and complications
arising from the necessity of changing masks prior to leaving the plane are eliminated.

The Germans had developed ejection seats to permit pilots to leave high speed aircraft
without injury. This equipment operated with a cordite charge which expelled the pilot
from the cockpit so that his body was prevented from coming in contact with the tail
surface or vertical fin of the plane.

Much information was obtained concerning new types of parachutes developed by the
enemy. These types included the non-pendulating parachute which was designed to
equalize air turbulence on either side of the ’chute and thus avoid the possibility of
accidental collapse and failures which characterize conventional types. Another devel-
opment was the shock-free parachute consisting of a small pilot 'chute of air permeable
construction to cushion the initial shock of release prior to opening of the main ’chute. A
third type of parachute is known as the ribbon ’chute; this design provided for variable
air orifices so that the rate of descent can be controlled. [...]

Samples of froth clothing were obtained, i.e., flying clothing, treated with a chemical
compound which generated heat by chemical reaction when placed in contact with cold
water.
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Figure 9.118: Karl Arnhold, Oscar Nissen, Reinhold Preuschen, and Otto Schwarz at Junkers filed
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Es ist inshesondere bei Flugversuchen vor-
teilhaft, Einrichtungen vorzusehen, um den
Insassen des Luftfahrzeuges wihrend des
Fluges und besonders bei auBergewdhnlichen
Flugzustinden, insbesondere beim Trudeln,
ein Verlassen des Innenraumes des Luftfahr-
zeuges zu ermbglichen. Zu diesem Zweck
hat man bereits die Sitze fiir die Insassen an
Fiihrungsgliedern lgsbar in der Weise fest-
gelegt, daB nach Lisen der Befestigung der
Stuhl mitsamt dem daraufsitzenden Insassen,
sei es infolge Massenwirkung oder sei esunter
Einwirkung eines besonderen Kraftspeichers,
aus dem Innenraum herausbewegt wurde. Bei
den bekannten Einrichtungen wird dann nach
Verlassen des Luftfahrzeuges der am Sitz
befestigte Fallschirm ausgeldst, und es gelangt
der Insasse zusammen mit dem Sitz zum

Erdboden. Die bekamnten Einrichtungen
haben aber den Nachteil, dal der Sitz in
solcher Weise ausgestaltet sein mul3, daB der
Insasse den Landestol mit den Beinen ab-
fangen kanm, wozu eine erhebliche Bewe-
gungsfreiheit erforderlich ist. Diese Forde-
rung ist aber mit der Gewihrung eines aus-
reichenden Schutzes fiir den Insassen beim
Verlassen des Flugzeuges durch den Sitz
bei den bekannten Einrichtungen nicht ver-
einbar.

Gemily der Erfindung ist nun die Ausge-
staltung derart getroffen, daB der Insasse mit
einem Fallschirm ausgeriistet und ldsbar mit
cinem gehiuseartig gestalteten, aus dem
Innenraum des Luftfahrzeuges bewegbaren
Sitz verbunden ist, welcher seinerseits einen
zweiten Fallschirm aufweist zur Beeinflus-
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in gesperrter Lage befindlichen gehiiuse-
artigen Schleudersitz in Seitenansicht,
Abb, 2z den aus dem Flugzeug hinausge-
euderten, vom Insassen befreiten Gehiuse-
am Fallschirm hingend; desgleichen den
mit in Wirkung getretenem Fall-

fahrzeuges Teile des Flug

Leitwerk, in die Bewegungsbahn des Sitzes:

bew. des Insassen geraten. Bei der erfindungs-
gemilien Ausgestaltung kommt damn nicht
der Insasse, sondern der gehiiuseartige Sitz,
welcher den Insassen zweckmiBig von drei
Seiten umgibt, mit den Flugzeugteilen in
d

. A1
wschirm und das abstiirzende Flugzeug mit
entferntem Zellendach.

Der den Insassen zweckmifiig von drei
Seiten umbiillende Gehdusesitz 1 ist in an sich
bekannter Weise in einer Fiihrungz losbar
| derart festgelegt, dab nach Losen der Be-
igl durch atigen des Handhebels 3

Beriihrung. Auch erfolgt beim Verlassen des
Flugzeuges die erste Abbremsung von dem
hohen Flugstaudruck auf den Staudruck des
freien Falles, wihrend der Insasse noch fest
mit seinem gehiiuseartigen Sitz verbunden
und dadurch gegen Verletzungen durch ge-

unter voraufgehender Losung und Entfernung
des Zellendaches 4 der gehiuseartige Sitz 1
mitsamt dem daraufsitzenden Insassen unter

Einwirkung eines besonderen Kraftspeichers,
beispiclsweise eines Gummi. 5, aus dem
I des Flugzeugrumpfes hinausbewegt

waltsame Korperbeweg g ist.
Dies bedeutet gleichzeitig einen Schutz fiir
den Insassenfallschirm gegen Uberbeanspru-
chungen, da dieser erst bei verringerter Ge-
schwindigkeit betitigt werden kamn.

Ist nach der Trennung vom Luftfabrzeug
die Gefahr der Berithrung mit Flugzeug-
teilen behoben und der hohe Anfangsstau-
druck durch den Eigenwiderstand, des Stizes
verringert, so wird der am Gehiluse ange-
ordnete Failschirm zur Entfaltung gebracht
und anschlieBend die Verbindung des In-
sassen mit dem Gehiusesitz gelost. Durch die
Entfaltung des am Gehiuse angebrachten
Fallschirms erfolgt die sichere Trennung des
Gehijiusesitzes von dem Insassen. Nach er-
folgter Trennung lost dann der Insasse den
an ihm befestigten Fallschirm aus und ge-
langt vom Sitz befreit in der iiblichen Weise
zum Erdboden.

Es wird demnach bei der erfindungs-
gemiBen Ausgestaltung einesteils ein Schutz
fir den Insassen mnach Verlassen des Luft-
fahrzeuges und anderenteils eine ausreichende
Bewegungsireiheit zum Abfangen des Lande-
stoBes gewihrleistet, da der Insasse ortlich
weit getrennt von dem Sitz zu Boden kommt.

Tm weiteren Ausbau der Erfindung kinnen
noch Mittel vorgesehen sein, um im Falle
des Vi der Sitzschlendereinrichtung
dem . Insassen den Hinausstieg aus dem ge-
hiuseartigen Sitz zu erleichtern, indem ins-
besondere der obere Teil des gehduseartigen
Sitzes aufklappbar oder entfernbar an den
iibrigen Teilen befestigt ist.

Der Erfindungsgegenstand ist in den Ab-
bildungen in einem Ausfilhrungsbeispiel ver-
anschaulicht, und zwar zeigen

Abb. 1 den vorderen Teil eines Flugzeug-
rumpfes im Lingsschnitt und den eingebauten,
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wird. Der Insasse sitzt auf einem an seinem
Korper mittels iiblicher Gurte befestigten zu-
sammengefalteten Fallschirm 6, der in Tatig-
keit tritt, sobald der Insasse sich vom ge-
hituseartigen Sitz 1 befreit hat. Der Sitz1 ist
ebenfalls mit einem Fallschirm 7 versehen,
der beim Losen des Insassen vom Sitz1 in
Wirkung tritt, wobei der Insasse aus dem Ge-
hiiusestuhl 1 hinausfillt. Wie aus Abb.2 er-
sichtlich, gelangen dann Insasse und Gehiuse-
sitz getrennt zum Boden.

Um im Falle des Versagens der Sitz-
schieudereinrichtung dem Insassen das Hinaus-
steigen aus einem weitgehend geschlosscnen
gehiuseartigen Sitz zu erméglichen, sind obere
Teile des Gehiiusesitzes, beispielsweise eine
Kappe g, entfernbar an den iibrigen Teilen
befestigt. In diesem Fall veranlalt die Hand-
habe zum Losen des Insassen vom Gehduse
sitz zweckmibig gleichzeitiy das Lésen und
Entfernen der Gehiusckappe 9. Die auf diese
Weise vergrollerte Gehiusedfinung dient dem
Insassen dann zum Aussteigen.

PATENTANSPRUCHE:

1. Aus dem Innenraum eines Luftfahr-
zeuges durch cinen Kraftspeicher entfern-
barer, mit einem Fallschirm ausgeriisteter
Sitz, gekennzeichnet durch die Anwen-
dung eines mit dem Insassen verbunde-
nen besonderen Fallschirmes und eines ge-
hiiuseartig gestalteten Sitzes, mit welchem
der Insasse lisbar verbunden ist.

2. Sitz nach Anspruch 1, dadurch ge-
kennzeichnet, dal Teile, insbesondere der
obere Teil, des gehiuseartigen Sitzes auf
klappbar oder entfernbar an den iibrigen
Teilen befestigt sind.
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Figure 9.119: Karl Arnhold, Oscar Nissen, Reinhold Preuschen, and Otto Schwarz at Junkers filed
a patent application on aircraft ejection seats in 1938.
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dadurch in tragbaren Grenzen zu halten, dab sie
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Ejection seat

Figure 9.120: Erich Dietz at Junkers filed a patent application on improved aircraft ejection seats
in 1943.
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Ejection seat

Heinkel
ejection seat
for He 162
jet fighter

Ejection seat

in action
(1941)

Figure 9.121: Under the leadership of Ernst Heinkel, engineers at the Heinkel aircraft company also
developed ejection seats. Above: an ejection seat for a Heinkel He 162 jet fighter. Below: an ejection
seat in action in 1941.
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9.5 Helicopters

German-speaking creators dominated the development of helicopters. They labored in the late
nineteenth and early twentieth centuries to develop proto-helicopters, finally produced the world’s
first fully functional helicopters in 1936, mass-produced and fielded state-of-the-art helicopters
during World War II, and played critical roles in the worldwide helicopter industry after the war.'”

This section covers:
9.5.1. Proto-helicopters and autogyros
9.5.2. Henrich Focke’s helicopter team
9.5.3. Anton Flettner’s helicopter team
9.5.4. Friedrich von Doblhoff’s helicopter team
9.5.5. Backpack helicopters
9.5.6. Electric helicopters

9.5.7. Transfer of helicopter technologies to other countries

9.5.1 Proto-Helicopters and Autogyros

The general idea of helicopters had been around since at least Leonardo da Vinci’s designs for a cloth
aerial screw, but the practical implementation of that idea was long hindered by two challenges: (1)
making the helicopter powerful enough to support its own weight, and (2) making the helicopter
stable enough that it would not rapidly spin out of control if it did lift off. With the advent of
sufficiently powerful engines by the late nineteenth century, engineers worldwide began trying to
build a functional helicopter.

Helicopters behave quite differently than other aircraft. In particular, a helicopter’s main rotor may
be regarded as a rotating wing that is always moving forward and thus can generate lift even if
the helicopter itself is motionless. This confers on helicopters both their advantages, such as their
ability to hover or even fly backwards, and their disadvantages, such as their high fuel consumption
and limited speed relative to fixed-wing aircraft.

10See for example: Coats and Carbonel 2002; Hirschel et al. 2004; Jackson 2014; Johnston 1996; Leishman 2006;
Myhra 2003; Nowarra 1990; NYT 1946-05-13 p. 4; BIOS Overall 8; CIOS XXXI-5; CIOS XXXI-11; FIAT 176; FIAT
177; FIAT 178; FIAT 604.
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Figure 9.122 shows the airflow through a helicopter rotor. As shown in the upper half of the figure,
the forces involved are less complex for purely vertical flight, and therefore it was less challenging
for prototype helicopters to simply hover than for them to travel horizontally. To move forward or
in another horizontal direction, a helicopter must tilt slightly toward the chosen direction, so that
the rotor thrust has components causing both vertical lift and horizontal propulsion. Airflow to
and from the rotor is then altered as shown in the lower half of the figure. The velocity of air far
upstream from the rotor is inclined at an angle of attack « relative to the rotor.

Of course, a helicopter must have some method of counteracting the rotor torque so that the
helicopter body will not spin wildly in the opposite direction from the rotor’s rotation. Often a tail
fin and tail rotor aimed to the side serve this purpose, though some helicopters simply avoid the
problem by having two counter-rotating rotors on top.

The autogyro, another predecessor of true helicopters, should also be considered. This was an
airplane with an unpowered, free-spinning rotor on top that was tilted slightly toward the rear
of the craft. As the autogyro flew forward with its primary aircraft engine, the airflow spun the
rotor, creating extra lift. This effect made the autogyro virtually stall proof at low forward speeds,
although it could not hover completely motionless like a true helicopter with a powered rotor.

Almost all of the important early helicopter experimenters came from the greater German-speaking
world. In general, prior to 1936, their early prototype helicopters could hover but not move forward
without becoming unstable, and their closely related autogyro prototypes from the same period
could move forward but not hover in place.

Early helicopter experimenters included:

e Hermann Ganswindt (German, 1856-1934) had many aerospace ideas that were far ahead of
their time, designed a helicopter in 1884, and may have tested a prototype helicopter in 1901.
See Fig. 9.123.

e Jén Bahyl’ (Austro-Hungarian Slovak, 1856-1916) patented a helicopter design in 1895 and
briefly flew a prototype in 1905, as shown in Fig. 9.124.

e Istvan Petréczy (Hungarian, 1874-1957), Theodore von Karman (Hugarian, 1881-1963), and
Vilém Zurovec (Czech, 1883-1935) created proto-helicopters such as the electric-powered
PKZ-1 (1918) and gasoline-powered PKZ-2 (1918). See Fig. 9.125.

e Emil(e) Berliner (German, 1851-1929) moved to the United States, where he built and tested
prototype helicopters and autogyros 1909-1929, as illustrated in Fig. 9.126. Toward the end
of his life, he was also assisted by one of his sons, Henry Berliner (1895-1970).

e Engelbert Zaschka (German, 1895-1955) built and patented a prototype helicopter, which he
dubbed Rotary Wing, in 1927. See Fig. 9.127.

e Albert Gillis von Baumhauer (Dutch, 1891-1939) experimented with a helicopter prototype
1924-1930 (Fig. 9.128) but never could overcome its instability problems, which ultimately
destroyed the prototype.
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e In the 1920s and early 1930s, Oskéar von Asboth (Hungarian, 1891-1960) built several heli-
copter prototypes that could hover but that became unstable when they tried to move. See
Fig. 9.129.

e Raoul Hafner (Austrian, 1905-1980) built prototype autogyros in the 1920s and 1930s, first in
Austria and then in the United Kingdom. While in Austria, he collaborated with Bruno Nagler
(Austrian, 1901-1979) to create proto-helicopters such as the Hafner-Nagler R.I Revoplane
(1929), shown in Fig. 9.130.

e Walter Rieseler (German, 1890-1937) built prototype autogyros and helicopters in the 1920s
and 1930s but died in 1937, just as helicopter technology was finally coming to fruition. See
Fig. 9.131.
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Figure 9.122: Airflow through a helicopter rotor for a helicopter in vertical flight (above) and a
helicopter in forward flight (below).
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Hermann Ganswindt
(1856-1934)

Figure 9.123: Hermann Ganswindt designed proto-helicopters such as this 1884 design.
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Jan Bahyl’
(1856-1916)

Bahyl’
proto-helicopter
(1905)

Figure 9.124: Jan Bahyl’ created proto-helicopters such as this 1905 prototype.
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Istvan Petroczy Theodore von Karman Vilém Zurovec
(1874-1957) (1881-1963) (1883-1935)

Y ,‘nt" »

PKZ-2
proto-helicopter

|‘ ” i“ "‘ (1918)

Figure 9.125: Istvan Petréczy, Theodore von Karman, and Vilém Zurovec created proto-helicopters
such as the electric-powered PKZ-1 (1918) and gasoline-powered PKZ-2 (1918).
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Emil Berliner
(1851-1929)

Berliner
Helicopter No. 5
autogyro (1923)
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Figure 9.126: Emil Berliner created proto-helicopters and autogyros such as the Berliner Helicopter
No. 5 (1923).
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Engelbert Zaschka —
(1895-1955) R ———

Rotary Wing proto-
helicopter (1927)

Figure 9.127: Engelbert Zaschka created proto-helicopters such as the Rotary Wing (1927).
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Albert Gillis
von Baumhauer
(1891-1939)

Von Baumhauer

proto-helicopter
(1924-1930)

Figure 9.128: Albert Gillis von Baumhauer created proto-helicopters such as this 1925 test model.
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Oskar von Asboth
(1891-1960)

Asboth AH-4
proto-helicopter (1930)

Figure 9.129: Oskdr von Asboth created proto-helicopters such as the Asboth AH-4 (1930).
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Raoul Hafner (1905-1980) Bruno Nagler (1901-1979)

Hafner-Nagler R.I Revoplane proto-helicopter (1929)

Figure 9.130: Raoul Hafner and Bruno Nagler created proto-helicopters such as the Hafner-Nagler
R.I Revoplane (1929).
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Walter Rieseler
(1890-1937)

Rieseler RI
proto-helicopter (1936)
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Figure 9.131: Walter Rieseler created proto-helicopters such as the Rieseler RI (1936).
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In the 1930s and early 1940s, at least three German-speaking teams—Ied by Henrich Focke, Anton
Flettner, and Friedrich von Doblhoff—finally developed fully functional large helicopters that were
able to both hover and move in a stable fashion.

9.5.2 Henrich Focke’s Helicopter Team

In 1936, Henrich Focke (German, 1890-1979) created the Focke-Wulf Fw 61, the world’s first fully
functional helicopter, as shown in Fig. 9.132.

His engineering team included:
e Harry Duda (German, 19771977, mechanical design and manufacturing)
e Hans Gerd Eyting (German, 1977-1977, mechanical design and manufacturing)
e Reinhold Gensel (German, 1977-1977, design)
e 77 Helme (German, 1977-197?, mechanical design and control)
o K. Jickel (German, 1977-1977, aerodynamics and stability)
e Walter Just (German, 1909-1980, aerodynamics and stability)
e Paul Klages (German, 1899-1959, mechanical design and overall development)
e Heinrich Papenhausen (German, 19771977, statics and material testing)
e Friedrich Schaper (German, 1977-1977, statics)
e Erich Schweym (German, 1977-1977, aerodynamics and stability)
e Herbert Spranger (German, 19771977, development and aerodynamics)
e Enno Springmann (German, 1977-197?, mechanical design)

The Fw 61’s development also involved several test pilots, the first of whom was Ewald Rohlfs
(German, 1911-1984). In February 1938, the famous pilot Hanna Reitsch (German, 1912-1979,
Fig. 9.217) demonstrated the Fw 61 in a crowded indoor sports arena in Berlin every day for three
weeks to show the public how controllable and reliable the newly invented helicopter was (Fig.
9.132).
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The Focke team subsequently developed other helicopters such as the Focke-Achgelis Fa 223 Drache
(Dragon) twin-rotor cargo helicopter (Fig. 9.133). The Fa 223 was first flown in 1940, went into
series production, and was used in the war.

In 1942, they designed the larger Focke-Achgelis Fa 284 heavy cargo helicopter (Fig. 9.134) and the
four-rotor Fa 325 Krabbe heavy cargo helicopter (Fig. 9.135), but Allied attacks halted construction
on those projects.

Focke’s team produced a prototype of the Fa 269 tilt-rotor VTOL (vertical takeoff and landing)
aircraft that was actually rather similar to the modern U.S. V-22 Osprey (Fig. 9.136). However, it
was destroyed by Allied bombing in 1944.

In 1942, Focke and his team developed the novel and useful Focke-Achgelis Fa 330 Bachstelze
rotor kite, which could be deployed and towed by a submarine (via a 150-meter cable) as an aerial
lookout. (Fig. 9.137).

In 1939, Focke’s team designed the Rochen, a winged VTOL aircraft with counter-rotating rotors
in a ducted fan (Fig. 9.138). Focke’s design lives on in examples such as the Sikorsky Cypher II or
Dragon Warrior drone (2000).

They also designed the even more radical Focke-Wulf Triebfliigel jet-powered rotary-wing VTOL
aircraft (Figs. 9.139-9.140). It had wing-tip ramjets and was designed to take off and land vertically
but fly horizontally. The Triebfliigel was designed in 1944; it is unclear how far experimental work
got by the end of the war.

Closely related to the Focke-Wulf Triebfliigel were the Heinkel Wespe and Heinkel Lerche (Fig. 9.141
shows the Lerche; the Wespe was highly similar but somewhat smaller), which were also designed
but apparently not completed during the war. After the war, the Triebfliigel and Lerche/Wespe
designs (and perhaps some of the engineers who worked on them?) directly inspired similar projects
such as the Lockheed XFV Salmon (1954) and Convair XFY Pogo (1954). While the Lockheed XFV
could fly vertically or horizontally but could not make the transition between those two modes,
the Convair XFY was completely successful at demonstrating the feasibility of taking off vertically,
transitioning from vertical to horizontal flight, flying horizontally, transitioning from horizontal to
vertical flight, and landing vertically.

As shown in Fig. 9.142, the wartime German Lerche/Wespe- and Triebfliigel-type designs (for
aircraft that could take off and land on their tails but pitch over by 90° to fly horizontally) still live
on in modern unmanned aerial vehicles (UAVs) such as the University of Kansas XQ-138 drone
and the Martin UAV V-BAT drone.

After the war, Henrich Focke and other members of his team produced helicopters for France, the
Netherlands, Brazil, and West Germany.
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Henrich Focke Walter Just Paul Klages
(1890-1979) (1909-1980) (1899-1959)

Focke-Wulf Fw 61 helicopter,
first flown in 1936

Fw 61 demonstrated in crowded indoor arena
in Berlin by test pilot Hanna Reitsch (1938)
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Figure 9.132: Henrich Focke and his team, including Walter Just and Paul Klages, created the

world’s first fully functional helicopter, the Focke-Wulf Fw 61, in 1936. In 1938, test pilot Hanna
Reitsch (Fig. 9.217) demonstrated the Fw 61 in a crowded indoor arena in Berlin.
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Focke-Achgelis Fa 223 Drache (Dragon)
cargo helicopter, first flown in 1940

Figure 9.133: Henrich Focke and his team created the much more advanced Focke-Achgelis Fa 223
Drache (Dragon) dual-rotor cargo helicopter in 1940.



1814 CHAPTER 9. CREATORS AND CREATIONS IN AEROSPACE ENGINEERING

Focke-Achgelis Fa 284 heavy cargo helicopter
(designed in 1942 but Allied attacks halted its construction)
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Figure 9.134: Henrich Focke and his team designed the Focke-Achgelis Fa 284 heavy cargo helicopter
in 1942, but Allied attacks halted its construction.
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Focke-Achgelis Fa 325 Krabbe heavy cargo helicopter
(designed in 1942 but Allied attacks halted its construction)

Figure 9.135: Henrich Focke and his team designed the Focke-Achgelis Fa 325 Krabbe heavy cargo
helicopter in 1942, but Allied attacks halted its construction.
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Focke-Achgelis Fa 269 tilt-rotor VTOL aircraft, designed in 1943 but
destroyed by Allied bombing in 1944 (model above, drawing below)
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Figure 9.136: Henrich Focke and his team were developing a prototype tilt-rotor VITOL aircraft,
the Focke-Achgelis Fa 269, that was destroyed by Allied bombing in 1944.
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Focke-Achgelis Fa 330 Bachstelze rotor kite

Could be deployed and towed by a submarine as an aerial lookout

First flown in 1942

Figure 9.137: In 1942, Henrich Focke and his team developed the Focke-Achgelis Fa 330 Bachstelze
rotor kite, which could be deployed and towed by a submarine (via a 150-meter cable) as an aerial
lookout.
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(designed 1939)
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Figure 9.138: In 1939, Henrich Focke and his team designed the Rochen, a winged VT OL aircraft
with counter-rotating rotors in a ducted fan. Focke’s design lives on in examples such as the Sikorsky
Cypher II or Dragon Warrior drone (2000).
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Figure 9.139: The Focke-Wulf Triebfliigel was a highly innovative rotary-wing aircraft powered
by wing-tip ramjets that was designed to take off and land vertically but fly horizontally. It was
designed in 1944; it is unclear how far experimental work got by the end of the war.
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Focke-Wulf Triebfliigel
(designed 1944)

Figure 9.140: The Focke-Wulf Triebfliigel was a highly innovative rotary-wing aircraft powered
by wing-tip ramjets that was designed to take off and land vertically but fly horizontally. It was
designed in 1944; it is unclear how far experimental work got by the end of the war.



9.5. HELICOPTERS 1821

Figure 9.141: Closely related to the Focke-Wulf Triebfliigel were the wartime Heinkel Lerche (model,
1945, larger than but otherwise highly similar to the proposed 1944 Heinkel Wespe) and the postwar
Lockheed XFV Salmon (1954) and Convair XFY Pogo (1954).
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Figure 9.142: The wartime German Lerche/Wespe- and Triebfliigel-type designs (for aircraft that
could take off and land on their tails but pitch over by 90° to fly horizontally) still live on in modern
unmanned aerial vehicles (UAVSs) such as the University of Kansas XQ-138 drone and the Martin
UAV V-BAT drone.
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9.5.3 Anton Flettner’s Helicopter Team

As shown in Fig. 9.143, Anton Flettner (German, 1885-1961) also demonstrated his own fully
functional helicopter, the Flettner F1 185, in 1936 very soon after Focke. Previously Flettner had
invented battlefield robots (p. 1208) and rotor ships (p. 1484).

In addition to several test pilots, his engineering team included:
e Emil Arnold (German, 1977-197?, chief designer)
e Willi Deilitz (German, 1977-1977, test facilities)
e Heinz Gundlach (German, 19771977, designer)
e Kurt Hohenemser (German, 1906-2001, aerodynamics and stability)
e 77 Kiichler (German, 1977-19?7, transmissions)
e Oskar Nagel (German, 1977-1977, project designer)
e Xaver Schleicher (German, 19771977, flight mechanics)
e Joseph Schmidt (German, 1977-1977, flight-test engineer)
e Gerhard Siegel (German, 19771977, statics)
e Gerhard Sissingh (German, 1907-2002, aerodynamics)

Flettner’s team went on to create other helicopters such as the much more advanced F1 282 Kolibri
(Humming Bird) reconnaissance helicopter. The FI 282 was first flown in 1941, went into series
production, and was used in the war. See Fig. 9.144.

Flettner and his team also developed the F1 265 helicopter/autogyro (1938), the improved F1 285
reconnaissance helicopter (1944, Fig. 9.145 top), and the large F1 339 passenger/cargo helicopter
prototype, which apparently was not completed before the end of the war (Fig. 9.145 bottom).

After the war, Flettner, Hohenemser, and Sissingh produced helicopters in the United States.
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Anton Flettner Kurt Hohenemser Gerhard Sissingh
(1885-1961) (1906-2001) (1907-2002)

Figure 9.143: Anton Flettner and his team including Kurt Hohenemser and Gerhard Sissingh created
their first fully functional helicopter, the F1 185, in 1936.
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Figure 9.144: Anton Flettner and his team produced the much more advanced F1 282 Kolibri
(Humming Bird) reconnaissance helicopter in 1941.
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Flettner F128S reconnaissance helicopter (1944)

Flettner F1 339 passenger/cargo helicopter
(designed in 1944 but not completed before the end of the war)

Figure 9.145: By the end of the war, Flettner’s team had produced the improved Flettner F1 285
reconnaissance helicopter and was building the much larger F1 339 passenger/cargo helicopter.
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9.5.4 Friedrich von Doblhoff’s Helicopter Team

In 1943, Friedrich von Doblhoff (Austrian, 1916-2000) demonstrated the prototype WNF 342
submarine-launched helicopter, which featured a rotor that was directly powered by small jet en-
gines at the rotor tips; see Fig. 9.146.

Some of the other members of his engineering team were:
e Alexander Czernin (Austrian, 1977-197?, mechanical design)
e Theodor Laufer (Austrian, 1875-1951, aerodynamics and stability)
e Kurt Loffler (Austrian, 1977-1977, detailed design)
e August Stepan (Austrian, 1915-2003, structural design)
e M. Vordren (Austrian, 19771977, detailed design)

After the war, von Doblhoff developed helicopters in the United States, Czernin and Stepan built
helicopters in the United Kingdom, Stepan later developed helicopters in West Germany (including
the revolutionary MBB Bo 105), and Laufer built helicopters in France. Several of the postwar
helicopters designed by former von Doblhoff team members were propelled by the same tip-jet rotor
approach as the wartime WNF 342, including the McDonnell XV-1 military helicopter, Fairey Jet
Gyrodyne test prototype, and Fairey Rotodyne passenger vehicle (Fig. 9.147).

9.5.5 Backpack Helicopters

Special mention should go to three innovators who created and successfully demonstrated prototype
“backpack” helicopters during the war:

e Paul Baumgértl (Austrian, 1920-2012) produced and tested a series of one-person helicopters
that he called Heliofly (Fig. 9.148). Baumgértl’s prototypes included Heliofly T (1941), which
attached directly to the back of the pilot, and Heliofly III (1943), which was essentially a
flying chair for the pilot.

e Beginning in 1940, Bruno Nagler (Austrian, 1901-1979) and Franz Rolz (Austrian, 1977-
1977) demonstrated the NR 54 and NR 55 prototype helicopters, which could be folded
up and carried as a backpack, or unfolded into a helicopter for use by a seated pilot (Fig.
9.149). After the war, Nagler moved to the United States, where he continued to develop and
demonstrate portable helicopters such as the strap-on backpack Heliglider (1952).
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Friedrich

von Doblhoff

(1916-2000)

Theodor
Laufer
(1875-1951)

Alexander

Czernin
27

August
Stepan
(1915-2003)

Doblhoff WNF 342
submarine-launched
helicopter with tip-jet rotor,

first flown in 1943

Figure 9.146: Friedrich von Doblhoff and his team including Theodor Laufer, Alexander Czernin,
and August Stepan created helicopters propelled by tip-jet rotors, such as the Doblhoff WNF 342
submarine-launched jet helicopter, which was first flown in 1943.
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McDonnell XV-1 with
tip-jet rotor (1954) designed
by Friedrich von Doblhoff

and Kurt Hohenemser

Fairey Jet Gyrodyne
with tip-jet rotor
(1954) designed by
August Stepan and
Alexander Czernin

Fairey Rotodyne
with tip-jet rotor
(1957) designed by
August Stepan and
Alexander Czernin
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Figure 9.147: After the war, members of Friedrich von Doblhoff’s team continued to develop he-
licopters propelled by tip-jet rotors, such as the McDonnell XV-1 military helicopter, Fairey Jet
Gyrodyne test prototype, and Fairey Rotodyne passenger vehicle.
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Paul Baumgirtl
(1920-2012)

Heliofly I
(1941)

Heliofly I11
(1943)

Figure 9.148: Paul Baumgart]l designed and successfully demonstrated several portable, single-
person helicopters during the war.
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Bruno Nagler
(1901-1979)

Franz Rolz (??7-2?)

~ Nagler Heliglider (1952)

Figure 9.149: Bruno Nagler and Franz Rolz designed and successfully demonstrated several portable
single-person helicopters during and shortly after the war.
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9.5.6 Electric Helicopters

The PKZ-1 proto-helicopter that was built by Istvan Petréczy, Theodore von Karméan, and Vilém
Zurovec (Fig. 9.125) in 1918 demonstrated the potential of electric-powered helicopters.

While most helicopters focused on fuel-burning engines of various types, R. Schmidt (German,
77-77) and G. Kirchberg (German?, ?77-77), engineers working at the electrical equipment com-
pany AEG, continued the development of electric helicopters. Beginning in 1933, they built and
demonstrated a series of increasingly sophisticated electric helicopters that could be launched from
a truck and that remained tethered by power cables to a ground-based electric generator. Figure
9.150 shows the final (1945) version of the helicopter, in which the hovering vehicle and its attached
cables could function as a large radio antenna. By sending the helicopter aloft from the truck, the
system could act as a portable radio tower [FIAT 604].

Electric helicopter/quad-copter drones are now quite common, and they are deeply indebted to
these first electric helicopters.
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R. Schmidt Electric helicopter launched from a truck
(1972-192?? and connected via power cables to a
ground-based generator (1933-1945)

G. Kirchberg
(192?2-19??)

Figure 9.150: R. Schmidt and G. Kirchberg developed an electric helicopter launched from a truck
and connected via power cables to a ground-based generator. The helicopter and its attached cables
were designed to function as a giant radio antenna, effectively making the whole system a portable
radio tower [FIAT 604].
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9.5.7 Transfer of Helicopter Technologies to Other Countries

Outside the German-speaking world, the closest competitor in helicopter development was probably
Igor Sikorski (1889-1972), a Russian engineer who emigrated to the United States. By May 1940,
he had created a prototype helicopter (VS-300) that could hover but became unstable if it tried
to move forward, the same problem that had plagued German prototypes of earlier decades. A
version that could both hover and move forward, the R-4, was first demonstrated in 1942, six years
after the first fully functional Focke and Flettner helicopters, and presumably after the details of
the various Focke and Flettner designs would have become available in the West to aid Sikorski’s
experiments. However, the early R-4 versions still had a number of issues, and in order to resolve
those, the R-4 design had to go through a series of further modifications, prototypes, and tests for
two more years. The first actually useful versions of R-4 helicopters were finally fielded in the war
in small numbers by the United States in 1944 and the United Kingdom in 1945, 4-5 years after
Germany’s first fully operational helicopters had been mass-produced and deployed.

Not only were the German helicopters produced many years earlier than U.S. helicopters, but they
were technically superior, according to U.S. officials. Even compared to U.S.-built helicopters of
1946, the New York Times practically gushed about the performance of the 1940 Fa 223 Drache
(Dragon) twin-rotor cargo helicopter [NYT 1946-05-13 p. 4]:

The Germans built ten big helicopters able to climb eighteen feet a second with ten
passengers aboard and a full load of fuel before the Allies bombed out the manufacturing
plant at Bremen, the Commerce Department disclosed tonight.

The Department made available a report giving specifications of the helicopter which
has many unusual features, including a different method for suspending the engine in
the craft, which can fly up, down, forward, backward, or sideways.

In the United States after the war, German-speaking helicopter engineers collaborated with German-
speaking turbojet engine designers such as Anselm Franz to produce more energy-efficient heli-
copters powered by turboshaft engines such as the Lycoming T53 and T55 engines (see p. 1740).
Such turboshaft-powered helicopters are still the standard helicopter design. By the Korean War,
helicopters were routinely used for medical evacuations, and by the Vietnam War, helicopters were
the preferred platform for virtually all aerial tasks except bombing.

As already noted, several key engineers from the original Focke, Flettner, and von Doblhoff heli-
copter teams also developed helicopters in the United Kingdom, France, and other countries after
the war. The Soviet Union was late to field fully functional helicopters, but (apparently) with the
help of captured German designs and engineers, it began serial production of the small Mi-1 Hare
helicopter in 1950, followed by more advanced helicopters in the 1950s and beyond.
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9.6 Small Missiles and Smart Bombs

German-speaking engineers developed precision-guided missiles and smart bombs that were the
direct forerunners of modern guided weapons.!! The wartime (Section 9.6.1) and postwar (Section
9.6.2) missile programs were so numerous and so large, and employed so many German-speaking
engineers, that only a few examples are mentioned here.

9.6.1 Wartime Missiles and Smart Bombs

While many of the most important and best known advances in missiles and smart bombs occurred
just before and during World War II, some remarkable work was actually conducted just before and
during World War I [Everett 2015; Trenkle 1987]. As shown in Fig. 9.151, Siemens-Halske engineers
developed and successfully demonstrated the first wire-guided glide bombs in 1914. Siemens-Halske
also worked with Mannesmann-Mulag to create and demonstrate the even more ambitious Fleder-
maus radio-controlled explosive airplane in 1916. Those nearly forgotten programs deserve greater
recognition and more archival research by military and aerospace historians.

Paul Schmidt (German, 1898-1976, designer of the Argus As 014 pulsejet engine), Fritz Gosslau
(German, 1898-1965, missile designer), and Robert Lusser (German, 1899-1969, missile designer)
led teams that created the V-1 or Fieseler Fi 103 cruise missile, first flown in 1942, which was
powered by a novel pulsejet engine (Figs. 9.101 and 9.152).'2 During the war, versions of the V-1
cruise missile that were piloted and/or air-launched were also produced and demonstrated (Fig.
9.153). After the war, Schmidt, Gosslau, and Lusser worked for the United States to produce
missiles and other technologies.

As shown in Fig. 9.154, Herbert Wagner (Austrian, 1900-1982) led a team that created precision-
guided weapons such as the Henschel Hs 293 smart bomb, guided by a miniaturized onboard camera
and first demonstrated in 1942, and the Henschel Hs 117 Schmetterling (Butterfly) surface-to-air
and air-to-air missile, also guided by a miniaturized onboard camera and first demonstrated in
1944. The miniaturized camera and television system are shown on pp. 1008-1010. Wagner was an
extremely versatile and prolific inventor. In the 1930s, he created some of the first jet engines, and
his designs strongly influenced subsequent jet engine developers (pp. 1734-1738). He also worked
on German nuclear weapons programs during the war (p. 4165). After the war, Wagner developed
a wide range of guided missiles and smart bombs in the United States.

1See for example: Griehl 2003; Miranda and Mercado 1996; Putt 1946a, 1946b; Stiiwe 1999; Stiiwe 2014; Stiiwe
2015; Zaloga and Laurier 2019; NYT 1944-12-05; CIOS XXVII-66; CIOS XXVIII-56; CIOS XXIX-55; CIOS XXXII-
125; AFHRA A5729 electronic version p. 255ff.

12Hellmold 1999; Holsken 1994; Irving 1965; Jackson 2014; Jones 1978; King and Kutta 1998; Lommel 2005; Myhra
2001.
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Max Kramer (German, 1903-1986) created precision-guided weapons such as the Ruhrstahl SD 1400
X (Fritz X) radio-guided or wire-guided (to avoid radio jamming) smart bomb, first operational
in 1943, and the Ruhrstahl X-4 air-to-air guided missile in 1944, as well as the Ruhrstahl X-7
anti-tank missile; see Fig. 9.155. After the war, Kramer worked in the United States to develop
additional missiles and aircraft and to reduce drag on submarines. Kramer’s wartime missiles also
had a profound influence on the development of postwar missiles in other countries; for example,
the French SS.10 anti-tank missile was directly based on the Ruhrstahl X-7.

Note that Wagner’s and Kramer’s smart bombs were developed and deployed nearly a half century
before U.S. smart bombs directly based on that technology were first widely publicized in the 1990
Gulf War.

Heinrich Klein (German, 1977-1977) led the Rheinmetall-Borsig team that created the Rheintochter
two-stage, radio-guided, surface-to-air missile, which was first demonstrated in 1943 (p. 1912).
Klein’s team also created the larger Rheinbote four-stage missile, first launched in 1943 (p. 1913)
[Klein 1977; Margry 2001; Mills 2020, 2022]. In fact, according to a 1947 French military document,
during the war Klein was even personally involved in “the construction of flying rockets... capable
of crossing the Atlantic in 40 minutes” (p. 5452).

Ludwig Roth (German, 1909-1967) led the team at Peenemiinde that developed the Wasserfall
surface-to-air missile, which was essentially a miniature version of the A-4 (V-2) rocket. See Fig.
9.156. The Wasserfall was first demonstrated in 1944, and was designed to be either radio- or radar-
guided. After the war, Roth moved to the United States to continue developing missiles and rockets.
The Wasserfall was copied and became the Hermes series of U.S. missiles, and its technologies were
incorporated into other postwar missiles [Mills 2020, 2022].

Messerschmitt’s Oberbayerische Forschungsanstalt in Oberammergau developed the Enzian surface-
to-air missile, which was first demonstrated in 1944. See Fig. 9.157. It was designed to use either
radio guidance or infrared homing to find its target.

A team led by Klaus Scheufelen (German, 1913-2008) developed the Taifun surface-to-air missile,
which was first demonstrated in January 1945 (Fig. 9.158). Scheufelen continued to develop missiles
and rockets in the United States after the war.

U.S. Army Air Forces Colonel (later General) Donald Putt, who recruited many of these German-
speaking engineers at the end of World War I and supervised their postwar work in the United
States, gave an unclassified public overview of their wartime accomplishments in 1946 [Putt 1946b]:

The Germans were preparing rocket surprises for the whole world in general and England
in particular, which would have, it is believed, changed the course of the war if the
invasion had been postponed for so short a time as six months. Many of Germany’s
research laboratories and several large commercial firms concentrated on this field of
endeavor. This tremendous effort resulted in 138 guided missiles and assorted devices,
including their modifications. [...]

The stupendous effort in basic research expended by the Germans in the guided missile
field was designed to cover the complete field of potentialities for such weapons. The
losses incurred in Germany by heavy bomber raids can in no way be charged to lack
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of preliminary research on missiles. Weapons of this category were divided into the
following classifications:

A.

B.

F.

G.

Ground to air.

Air to air.

. Air to ground.
. Ground to ground.

. Underwater to underwater.

Underwater to ground.

Underwater to air.

Moreover, every known type of remote control and fusing means was exploited. These
included radio control, wire control, radar, continuous wave, acoustics, infrared, light
beams, and magnetics.

Likewise, all methods of employing jet propulsion for subsonic and supersonic speeds
were exploited.

In all, it was estimated that one-third of the aerodynamics research in Germany was
devoted to problems of guided missiles. |...]

Some of the classes of German missiles based on intended use are:

A.

B.

The Beethoven [...] was an air-to-ground missile. [...]

The Enzian [...] was a ground-to-air missile. |[...]

. The Wasserfall was a ground-to-air missile. |...]
. The X-4 was an air-to-air missile. [...]

. The Fitz X [...] was an air-to-ground missile. This German bomb was released

from aircraft flying at a minimum altitude of 22,000 ft. It was gyrostabilized and
visibly guided into the target by radio. The Fritz X was ready for operational
use in January, 1943, and was first employed successfully against our shipping
and assault forces at Salerno. The warhead on this bomb was armor-piercing and
carried a charge of 2530 1b of standard explosive.

. The Hs-298 [...] was an air-to-air missile. [...]

. The Hs-117 [...] was a ground-to-air missile. It was named Schmetterling or but-

terfly, and was a rocket-propelled, radio-controlled missile to be launched from

1837
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the ground against bomber formations. It accelerated to a speed of 560 mph, and
was steadied in flight by a pendulum device. The take-off rocket burned out and
were jettisoned; the main propulsion unit then drove the missile until it was det-
onated by a proximity fuse. Large-scale production began January, 1945, in an
underground factory in Nordhausen.

H. The Rheintochter [...] was a ground-to-air missile. It was a rocket-propelled anti-
aircraft weapon and was controlled in flight by radio. It traveled at a speed of 1100
mph and carried an explosive charge of 330 lb, equipped with a proximity fuse,
to a ceiling of 48,000 ft. The starting rocket, attached to the base, was blown off
after combustion was completed. Development did not go beyond the test firing
stage, but experiments were still being conducted as late as February, 1945. The
code name Rheintochter means daughter of the Rhine.

I. The FZG-76 [...] was a ground-to-ground missile. [...]

In conclusion may I state that the Germans in the guided missile field were 10 years in
advance of similar American development.

As just one more example of countless statements from the U.S. military about the effectiveness of
German missiles, consider: Says Nazis Had New Rocket, New York Times 1946-01-18 p. 6:

Germany developed a new rocket a month before V-E Day which proved so accurate
that it almost ended Allied bombing attacks, Col. Leslie Simon, director of the Aberdeen
Ballistics Research Laboratory, said today before 300 scientists and engineers meeting
here. He declared that the weapon enabled the Germans to bring down our bombers
“almost at will.” The new rockets were mounted in groups of twenty-four on fast German
interceptor planes.
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Siemens-Halske wire-guided glide bomb (1914)
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Figure 9.151: Siemens-Halske engineers developed the first wire-guided glide bombs in 1914.
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Fritz Gosslau Robert Lusser Paul Schmidt
(1898-1965) (1899-1969) (1898-1976)
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Figure 9.152: Paul Schmidt, Fritz Gosslau, and Robert Lusser created the V-1 or Fieseler Fi 103
cruise missile, first flown in 1942, which was powered by a novel pulsejet engine.
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Piloted V-1 (1945)

Heinkel He 111 with unpiloted V-1 under the wing
as an air-launched cruise missile

Figure 9.153: During the war, versions of the V-1 cruise missile that were piloted and/or air-launched
were also produced and demonstrated.
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Herbert Wagner Henschel Hs 293 smart bomb,
(1900-1982) first demonstrated in 1942.

Some versions could be guided using
a miniaturized onboard camera.

Henschel Hs 117 Schmetterling (Butterfly)
surface-to-air and air-to-air missile,
first demonstrated in 1944. Some versions could
also be guided by a miniaturized onboard camera.

Figure 9.154: Herbert Wagner created precision guided weapons such as the Henschel Hs 293 smart
bomb, first demonstrated in 1942, and the Henschel Hs 117 Schmetterling (Butterfly) surface-to-air
and air-to-air missile, first demonstrated in 1944. Some versions of these weapons were guided by
a miniaturized onboard camera (pp. 1008-1010).
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Max Kramer (1903-1986)

Ruhrstahl
X-4
- air-to-air
' ) guided
missile

d:d

Ruhrstahl SD 1400 X (Fritz X)
radio-guided smart bomb,
first operational in 1943

Figure 9.155: Max Kramer created precision guided weapons such as the Ruhrstahl SD 1400 X
(Fritz X) radio-guided smart bomb, first operational in 1943, and the Ruhrstahl X-4 air-to-air
guided missile in 1944.
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LudW1g Roth (1909 1967) Wasserfall surface-to-air missile,
first demonstrated in 1944

Figure 9.156: A team led by Ludwig Roth developed the Wasserfall surface-to-air missile, which
was first demonstrated in 1944.
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Enzian surface-to-air missile,
first demonstrated in 1944

Figure 9.157: Enzian surface-to-air missile, first demonstrated in 1944.
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Klaus Scheufelen Taifun surface-to-air missile,
(1913-2008) first demonstrated in January 1945

Figure 9.158: A team led by Klaus Scheufelen developed the Taifun surface-to-air missile, which
was first demonstrated in January 1945.
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NARA Still Pictures, RG 111 SCA---Records of the Chief Signal Officer. Prints: U.S. Army

Signal Corps Photographs of Military Activity During WW II and the Korean Conflict,
1941-1954. Captured German Equipment, German, Box 3347, Book 8, SC 231474.

assembly, are stacked in a small factory in Hovelhof, Germany. The factory where these rockets
were being manufactured was discovered by Antiaircraft Artillery Brigade, XVIth Corps, U.S. Ninth
Army. 5/12/45” [NARA Still Pictures, RG 111 SCA—Records of the Chief Signal Officer. Prints:
U.S. Army Signal Corps Photographs of Military Activity During WW II and the Korean Conflict,
1941-1954. Captured German Equipment, German, Box 3347, Book 8, SC 231474.]
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9.6.2 Postwar Missiles and Smart Bombs

The wartime missiles shown in this section are among the better-known German technological ac-
complishments. What is less well known is that those wartime missiles were not an engineering dead
end. The scientists, engineers, prototypes, designs, methods, and experience from those programs
were all used to create a wide variety of missiles that have been used around the world ever since
[Mills 2020, 2022].

Figures 9.160-9.162 show just one example—some of the German-speaking scientists who developed
U.S. missiles at the Naval Air Missile Test Center, Point Mugu, California. They included:

Alexis Dember (German, 1912-2002) Reinhard Lahde (German, 1908-1999)
Willy Fiedler (German, 1908-1998) Johann Ludloff (German, 1977-1977)
Ernst Friedrich (German, 1977-1977) Robert Lusser (German, 1899-1969)
Wilfried Hell (German, 1914-2010) Otto Schwede (German, 1912-2005)
Werner Hohenner (German, 1907-2000) Theodore Sturm (German, 1977-1977)
Hans Hollmann (German, 1899-1960) Herbert Wagner (Austrian, 1900-1982)
Edgar Kutzscher (German, 1906-1977) Etc.

These and other German-speaking scientists were responsible for the postwar development of cruise
missiles in the United States and other countries. As a starting point, the V-1 was directly copied
and deployed by the United States, renamed as the Loon missile [p. 1896; Quigg 2014]. Using
captured German prototypes, factories, and engineers, the Soviet Union also copied and deployed
the V-1, designating it as the 10Kh missile. The German-speaking scientists then created a long line
of more advanced cruise missiles, ranging from late 1940s-1950s examples (e.g., U.S. SM-62 Snark,
SM-64 Navaho, MGM-1 Matador, SSM-N-6 Rigel, and SSM-N-8 Regulus; Soviet P-5 Pyatyorka) to
modern cruise missiles (e.g., U.S. BGM-109 Tomahawk and AGM-86 Air-Launched Cruise Missile
(ALCM); Russian Kh-55 and Kh-101).

As another example of direct technology transfer from the German-speaking world, the Bell GAM-
63 RASCAL (RAdar SCAnning Link) air-launched cruise missile was designed by Walter Dorn-
berger (German, 1895-1980, Fig. 9.223) in 1946 and first launched in 1953; see Fig. 9.164. Essentially
it was a German-derived liquid propellant rocket that was intermediate in size between the Wasser-
fall (p. 1844) and A-4/V-2 (p. 1860) and was deployed like the air-launched V-1 (p. 1841). There
was also a British version of the RASCAL, the Avro Blue Steel (Fig. 9.165), which was deployed
in 1963. (Dornberger had worked for the British immediately after the war, before going to the
United States.)
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The German-speaking scientists also developed a wide range of other postwar missile types, includ-
ing for example:

e AGM-12 Bullpup air-to-ground missile

e SSM-A-23 Dart anti-tank missile

e AIM-4 Falcon air-to-air missile (p. 1155)

e AGM-84/RGM-84/UGM-84 Harpoon anti-ship missile
e MIM-23 Hawk surface-to-air missile

e AAM-N-4 Oriole air-to-air missile

e MGM-51 Shillelagh anti-tank missile

e AIM-9 Sidewinder air-to-air missile (p. 1155)

o AIM-7 Sparrow air-to-air missile

Furthermore, German-speaking scientists and engineers created a wide variety of missile guidance,
tracking, and homing systems during the war, and continued to develop those technologies in other
countries after the war. For infrared and heat-seeking targeting systems for missiles, see pp. 1131-
1155. For radio and acoustic proximity fuses and homing devices, see pp. 1254—1258, 5411.

For German-speaking contributions to larger rockets, see Sections 9.7-9.8 and Appendix E.
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Naval Air Missile Test Center, Point Mugu, California (ca. 1950)

Wilfried Hell Herbert Wagner Werner Hohenner Edgar Kutzscher
(1914-2010) (1900-1982) (1907-2000) (1906-19??)

fod 2 e

.,

i

Reinhard Lahde Ernst Friedrich Hans Hollmann Theodore Sturm
(1908-1999) (19?7?-19??) (1899-1960) (192?72-19??)
Not shown: Alexis Dember (1912-2002),

Willy Fiedler (1908-1998), Johann Ludloff (19??-19??),
Robert Lusser (1899-1969), Otto Schwede (1912-2005), etc.

Figure 9.160: Examples of German-speaking scientists who developed U.S. missiles at the Naval
Air Missile Test Center, Point Mugu, California.
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- Alexis Dember (1912-2002)
~ inspecting the remains of a

missile test (China Lake, 1953) %%
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Figure 9.161: Alexis Dember inspecting the remains of a missile test at the Naval Ordnance Test
Station at China Lake, California in 1953.
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Nazi Weapon
Experts Now
Aiding Navy

Scientists Working at
Point Mugu Center

PAGE

Seven German scientists—
experts on Nazi secret weap-
ons in World War II—today
are working at the Navy's
Guided Missile Test Center,
P-int Mugu, under voluntary
government contracts, The
Times learned yesterday.

They arve Dr. Herbert Alnis
Wagner, Dr. Reinhard Natanael
l.ahde, Dr. Wilfred Hermann
Hell, Dr. Theodore Friedrich
Sturm, Dr. Ernest O, Freiderich,
Dr. Edgar R. Kutsscher and Dr.
Hane Erich Holman:

While they are not permiited
to work on new Navy develop:
ments {n the mysterious field of
“push-button” warfare, their ro.
search parallels that of Amer.
jcan scientists at the test center

in that they are completing v
time projects begun for Hitler,
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Los Angeles Times (1947)

Their Work for Nazis

Exact nature of their studiex
was not disclosed, but it was
learned Dr. Wagner direcied
Germany’s program for devilnp
ment of airto-ground an:d
ground-to-air missiles, with Dr.
Lahde and Dr, Hell as associates,
while Dr. Sturm was in charge
of remote control and guidance
‘for rockets, bombs and other
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Figure 9.162: Examples of German-speaking scientists who developed U.S. missiles at the Naval
Air Missile Test Center, Point Mugu, California.
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4

U.S. Navy Regulus cruise missile
(first flight 1951)

Figure 9.163: German hardware and knowledge and German-speaking scientists led to the devel-
opment of the U.S. Air Force Matador cruise missile (first flight 1949), U.S. Navy Regulus cruise
missile (first flight 1951), and other postwar cruise missiles.
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RASCAL

Bell GAM-63 RASCAL air-launched cruise missile (designed
by Walter Dornberger in 1946, first launched in 1953)

Figure 9.164: The Bell GAM-63 RASCAL air-launched cruise missile was designed by Walter Dorn-
berger in 1946 and first launched in 1953. Essentially it was a German-derived liquid propellant
rocket that was intermediate in size between the Wasserfall (p. 1844) and A-4/V-2 (p. 1860) and
was deployed like the air-launched V-1 (p. 1841).
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The Avro Blue Steel air-launched cruise missile
carried by Vulcan and Victor bombers
(deployed in 1963) was essentially the British version
of Walter Dornberger’s Bell GAM-63 RASCAL

Figure 9.165: The Avro Blue Steel air-launched cruise missile carried by Vulcan and Victor bombers
(deployed in 1963) was essentially the British version of Walter Dornberger’s Bell GAM-63 RASCAL
(p. 1854).
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9.7 Large Liquid Propellant Rockets

Perhaps the best-known contributions (though dimming with time as the memories become more
distant) of German-speaking scientists were the development of large rockets and spacecraft. German-
speaking creators led the development of all types of rocket-related technologies in Germany during
World War II and in countries around the world after the war.

Probably the most publicly visible rocket-related technology is liquid propellant rockets, which
carry a liquid fuel and liquid oxidizer and burn them together to produce thrust, as shown in
Fig. 9.166 [Hill and Peterson 1991; Huzel and Huang 1992; George Sutton 1992]. As illustrated in
the upper part of the figure, the fuel and oxidizer are burned in a special combustion chamber,
generating a gas that initially has a very high temperature (thermal energy) and high pressure
(potential energy) but little velocity (kinetic energy). That gas then expands as it flows out through
a nozzle, converting much of the initial thermal and potential energy into kinetic energy of a high-
velocity exhaust stream. As shown in the lower part of the figure, it is necessary to pressurize the
oxidizer and fuel from the storage tanks before they can be injected into the combustion chamber,
since the gas pressure inside the combustion chamber is so high. Smaller, simpler liquid propellant
rockets use high-pressure gas to pressurize the propellant in the tanks, but larger liquid propellant
rockets usually use a turbopump to raise the pressure of the fuel and oxidizer just before they are
injected into the combustion chamber. Small amounts of fuel and oxidizer are diverted to power the
turbopump, or sometimes the turbopump is powered by an entirely separate supply of propellant.
In order to cool the engine and to preheat the fuel, usually fuel first detours through coils wrapping
the combustion chamber and nozzle.

This section covers the development of liquid propellant rockets by German-speaking creators who
worked in:

9.7.1. Pre-war and wartime German rocket programs
9.7.2. Postwar U.S. and U.K. rocket programs
9.7.3. Postwar Soviet rocket programs

9.7.4. Postwar French rocket programs

German-speaking scientists also made important contributions to postwar rocket programs in many
other countries around the world, but those are not covered here.
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Figure 9.166: Liquid propellant rocket design. (a) Burning of fuel and oxidizer in the combustion
chamber generates hot gas with velocity vchamber = 0, pressure pchamber, and temperature Tepamber,
which expands in the nozzle until it has exhaust values vVexn, Pexh, and Texn. (b) Pumps raise the
pressure of oxidizer and fuel from the storage tanks and inject it into the combustion chamber.
Along the way, fuel detours through coils wrapping the combustion chamber and nozzle, cooling
the engine and preheating the fuel. Small amounts of oxidizer and fuel are diverted to burn in a
gas generator, producing hot exhaust that powers a gas turbine and thereby the pumps.
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9.7.1 Pre-War and Wartime German Rocket Programs

Hermann Oberth (Austro-Hungarian, 1894-1989), shown in Fig. 9.167, began experimenting with
rockets in 1908 when he was only 14. By the early 1920s, he was publishing detailed and highly
influential designs and analyses of rockets [Oberth 1929, 1984].

Oberth was the scientific consultant for Fritz Lang’s 1929 film, Frau im Mond (Woman in the
Moon, p. 1971),'3 which depicted how astronauts could use a rocket to travel to the moon, and
which profoundly influenced a whole generation of young German rocket engineers such as Werner
von Braun (German, 1912-1977). Among other prophetic details, the film showed the construction
of the rocket in a large vehicle assembly building, the transport of the rocket to a launch pad, a
countdown to the launch, horizontal couches for the astronauts during launch, the use and ejection
of multiple rocket stages during the ascent, the effects of zero gravity in space, etc.

Oberth advised and assisted the younger rocket engineers during the 1930s and 1940s, and continued
to promote spaceflight in Europe and the United States after the war.

In the early development of liquid propellant rockets, the closest competitor outside the German-
speaking world was probably Robert Goddard (American, 1882-1945) [Lehman 1988]. Despite
Goddard’s promising ideas and experiments, he never was able to obtain much U.S. political and
financial support for his research, in stark contrast to the enormous support that the German-
speaking engineers received. By the time of Goddard’s death in 1945, German rockets were many
years ahead of anything that Goddard had been able to accomplish with his limited support.

From 1933 to 1945, Wernher von Braun (German, 1912-1977) led a team that developed a series of
increasingly sophisticated liquid propellant rockets, initially at Kummersdorf, then at Peenemiinde.
Von Braun was closely backed by the strong political support of Walter Dornberger (German, 1895—
1980, Fig. 9.223), a general in the German army. By far their most famous creation was the A-4
or V-2 rocket, which was first launched in 1942 and was capable of reaching altitudes over 200 km
(beyond the earth’s atmosphere and well into outer space). See Fig. 9.168.14

Although German-designed rockets certainly went all the way to the moon after the war, there is
considerable evidence that even wartime German rockets may have advanced significantly beyond
the single-stage A-4 or V-2 rocket. As presented in Appendix E, there is documentation reporting
wartime research, development, and even testing of larger rockets with longer ranges and larger
payloads, two-stage intercontinental ballistic missiles, submarine-launched missiles, advanced solid
propellant rockets, prototype manned space planes (A-9 and Silbervogel), and advanced rocket
engines (hydrogen/oxygen, ion, and fission thermal). Appendix E gives an overview of currently
known evidence for these wartime advanced rocket developments, but this is clearly another area
where much more archival research is needed to clarify exactly what work was done and by whom,
and precisely how it guided postwar missile, rocket, and space programs in the United States, the
Soviet Union, and other countries.

13Bogdanovich 1967; Eisenschitz and Bertetto 1994; Eisner 1977; Jenkins 1981; McGilligan 1997.

14The history of the Peenemiinde A-4 rocket program has already been so well documented that it will not be
covered in any detail here. For much more information, see for example: Bode and Kaiser 2013; Dornberger 1958,
1994; Erichsen and Hoppe 2011; Gildenhaar and Gildenhaar 2013a; Holsken 1994; Irving 1965; Jones 1978; King and
Kutta 1998; Klee and Merk 1963; Knight 1946; Ley 1968; McGovern 1964; Jiirgen Michels 1997; Miranda and Mercado
1996; Neufeld 1995; Ordway and Sharpe 1979; Putt 1946a, 1946b; CIOS XXXII-125; digipeer.de; v2rocket.com.



9.7. LARGE LIQUID PROPELLANT ROCKETS

Hermann Oberth (1894-1989)

Modell B

Figure 9.167: Hermann Oberth began experimenting with rockets in 1908 and published detailed
and highly influential designs and analyses of rockets in the 1920s.
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A-4 (V-2) rocket and its engine —
(first launched in 1942)
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Figure 9.168: The A-4 (V-2) rocket, first launched in 1942 and capable of reaching altitudes over
200 km, was designed and developed by a team led by Wernher von Braun.
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9.7.2 Postwar U.S. and U.K. Rocket Programs

At the end of the war, von Braun and much of his team moved to the United States, where they
spent a quarter-century developing a series of even larger rockets, both for ballistic missile programs
(Fig. 9.169) and also for the space program. Their work culminated in the Saturn V rocket that
carried the Apollo missions to the moon in 1968-1972 (Figs. 9.170-9.171). Dornberger also moved
to the United States and worked separately on a series of rocket planes, culminating in the U.S.
Space Shuttle (pp. 1854 and 1927-1932).15

U.S. Army Lt. Colonel William E. Winterstein worked very closely with von Braun immediately
after his arrival in the United States, and he later emphasized how long von Braun had planned
and lobbied for manned missions to the moon [Winterstein 2005, pp. 34-35]:

Among the many discussions I had with Wernher [von Braun| during those days was
the theme of space exploration. The first step, naturally, was a voyage to the Moon.
This was his lifelong ambition. At that time, the outlook for any rocket research for
such a project was unfavorable. |[...]

In the summer of 1946, I asked Wernher “If we could give you all of the money you
wanted, how much, and how long, would it take you to put Man on the Moon?” Several
weeks later, he said: “Give us three billion dollars, and ten years, and we will go to
the moon and back.” At the time, I thought it was merely very interesting information,
never dreaming of their importance.

It was fifteen years later that similar words, concerning the time frame at least, were
uttered by President Kennedy to a joint session of Congress on May 25th 1961. “Before
this decade is out,” described the time frame. Prior to President Kennedy’s address
to Congress, Dr. von Braun had convinced the President that the trip to the Moon
was technologically possible. This further convinced me that Wernher must have done
a lot of planning for a Moon mission, years before he gave me the same information
concerning the time element in 1946.

Of course, von Braun and his team ultimately did exactly what they had long envisioned, once the
United States finally committed the necessary amount of funding after many years of bureaucratic
indecision and delays. Yet if von Braun’s team had had the full financial and political support of the
United States from 1945 onward, how soon might the United States have sent the first astronaut
into space, or sent the first astronauts to the Moon? How much further into space might the United
States have progressed after that? (And what did von Braun’s apparently very knowledgeable 1946
statement to Winterstein suggest about how far the development of rockets more advanced than
the A-4 had progressed in wartime Germany? See Sections E.2, E.5, and E.7.)

151 ikewise, the history of postwar liquid propellant rockets has been so well documented that it will not be covered
in any detail here. For more information, see: Bilstein 1980; von Braun et al. 1985; Franklin 1987; Freeman 1993;
Huzel 1962; Huzel and Huang 1992; Koelle 1961; Kurowski 2001; Ley 1968; Mader 1963; Jiirgen Michels 1997; Neufeld
2007; Powell-Willhite 2007; Stuhlinger and Ordway 1994a, 1994b; NYT 1945-05-23 p. 4, 1946-04-12 p. 11, 1946-04-22
p- 6, 1946-05-07 p. 3, 1946-06-29 p. 11, 1947-03-02 p. 17, 1947-06-22 p. E-7, 1948-04-03 p. 27.
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When Wernher von Braun died in 1977, President Jimmy Carter issued a public statement [Carter
1977, p. 1125]:

To millions of Americans, Wernher von Braun’s name was inextricably linked to our
exploration of space and to the creative application of technology. He was not only
a skillful engineer but also a man of bold vision; his inspirational leadership helped
mobilize and maintain the effort we needed to reach the Moon and beyond.

Not just the people of our Nation but all the people of the world have profited by his
work. We will continue to profit from his example.

Of course, von Braun was only one person, but President Carter’s statement demonstrates how
critical the German-speaking scientists had been for the space and ballistic missile programs in the
United States. John Becklake, a historian of science at London’s Science Museum, described the
contributions of the German-speaking scientists in more detail [Becklake 1994]:

Twenty-five years ago, in July 1969, the first men landed on the Moon. These pioneering
spacefarers, Neil Armstrong and Buzz Aldrin, were launched on this mission by Amer-
ica’s massive Saturn V rocket. Twenty-five years before this, on 8 September 1944, the
first operational V2 missile was fired at Paris from a mobile launch site in the Ardennes
region of France. Both of these rockets were developed by the same team of German
engineers, led by Wernher von Braun. [...]

The accomplishments of this US-based team, now expanded to include local engineers,
are legendary—they developed the US’s first long range missile (Redstone), provided
the launch vehicle that orbited America’s first satellite and later, under the auspices
of the civil space agency, NASA, developed the Saturn family of rockets. This included
the Saturn V rocket that sent the Apollo astronauts to the Moon. So influential were
von Braun and his team in almost every major rocket activity in Germany and the
US between 1930 and 1970, that this volume [a biography of von Braun] effectively
represents a history of rocketry in the Western world.
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Figure 9.169: Examples of early U.S. ballistic missiles derived directly from German creators and
creations.
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Saturn V rocket,
Apollo 11 mission
to the moon
(1969)
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Figure 9.170: The Saturn V rocket, which carried the Apollo 11 mission to the moon in 1969, was
also designed and developed by Wernher von Braun’s team.
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Wernher von Braun with F-1 engines for Saturn V rocket
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Figure 9.171: Wernher von Braun with the F-1 engines for the Saturn V rocket.
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The two photographs in Fig. 9.172 illustrate how numerous and influential German-speaking cre-
ators were in the U.S. ballistic missile and space programs.

The upper photograph in Fig. 9.172 shows the attendees of a 1959 meeting at the Army Ballistic
Missile Agency. From left to right, they were:

Name Born Lived Role

Ernst Stuhlinger German  1913-2008

Frederick von Saurma, German  1908-1961

Fritz Mueller German  1907-2001

Hermann Weidner German  1912-2008

Erich Neubert (in back) German 1910-1999

William Mrazek German  1911-1992

Karl Heimburg German  1910-1997

Arthur Rudolph German  1906-1996

Otto Hoberg German  1912-1991

Wernher von Braun German  1912-1977

Oswald Lange German  1912-2000

Bruce Medaris American 1902-1990 U.S. Army General
Helmut Holzer German  1912-1996

Hans Maus German  1905-1999

Ernst Geissler German  1915-1989

Hans Hueter German 19061970

George Constan American 1909-1986 Manager, Michoud Assembly Facility

The lower photograph in Fig. 9.172 shows the attendees of a 1961 meeting at NASA. From left to
right, they were:

Name Born Lived Role
Werner Kuers German 1907-1983 Director, Manufacturing Engineering Division
Walter Haussermann German 1914-2010 Director of the Astrionics Division
William Mrazek German 1911-1992 Propulsion and Vehicle Engineering Division
Wernher von Braun ~ German 1912-1977 Director of Marshall Space Flight Center
Dieter Grau German 1913-2014 Director of the Quality Assurance Division
Oswald Lange German 1912-2000 Director of the Saturn Systems Office

Erich W. Neubert German 1910-1999 Assoc. Deputy Director, Research/Development

For a more extensive list of German-speaking scientists/engineers who worked in postwar U.S. and
U.K. rocket and missile programs, see Table 9.2. (There was a relatively free exchange of German-
speaking scientists and information between the U.S. and U.K. programs, so they are treated
together here.) Even this list represents only a fraction of the many hundreds of German-speaking
scientists and engineers who worked in all parts of NASA, military research centers, and aerospace
and electronics companies to make the U.S. and U.K. missile, rocket, and space programs possible.

For examples of U.K. rockets designed by German-speaking scientists, including Black Knight, Blue
Streak, Europa, and Black Arrow, see pp. 1870-1872 and p. 5576.

The German-speaking creators developed these revolutionary inventions from scratch to fully ma-
ture technologies during their careers. Even now, many decades later, these same German creations
are still repackaged by others as “new” inventions (Fig. 9.177).
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Figure 9.172: Examples of German-speaking designers and managers in the U.S. rocket programs.
Above: 1959 meeting at the Army Ballistic Missile Agency. Below: 1961 meeting at NASA.
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Dieter Huzel NASA SP-125
(1912-1994)

DESIGN OF
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ROCKET ENGINES EU,

Dieter K. Huzel and David H. Huang
Rockerdyne Division, North American Aviation, Inc.

Scientific and Technical Information Division
OFFICE OF TECHNOLOGY UTILIZATION 1967
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
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Figure 9.173: Two prominent figures (among many others) in transferring rocket engine technology
from the German-speaking world to the United States were: (1) Dieter Huzel, who had been part of
von Braun’s team since Peenemiinde and led postwar rocket engine development at North American
Aviation Rocketdyne. (2) Georg Paul Schulhof, a.k.a. George P. Sutton, who moved from Austria
to the United States in 1938 and worked with Huzel, Theodore von Kérmén, Fritz Zwicky, and
others to transfer German-speaking scientists, documents, information, and technologies to North
American Aviation Rocketdyne, Aerojet, and other organizations. See pp. 5498-5500.
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Andreas Alexandrakis
Wilhelm Angele
Herbert Axter
Erich Ball

Oscar Bauschinger
Gerd de Beek
Rudolf Beichel
Anton Beier
Herbert Bergeler
Hermann Beuderftig
Josef Boehm
Gerhard Braun
Magnus von Braun
Wernher von Braun
Erhardt Bruenecke
Theodor Buchhold
Walter Burose
Rudolf Buschmann
Werner Dahm
Konrad Dannenberg
Kurt Debus
Heinrich Determann
Friedrich Dhom
Herbert Dobrick
Walter Dornberger
Gerhard Drawe
Friedrich Duerr
Ernst Eckert
Rudolf Edse

Krafft Ehricke

Otto Eisenhardt
Willy Fiedler

Hans Fichtner
Alfred Finzel
Edward Fischel
Karl Fleischer

Hans Friedrich
Herbert Fuhrmann
Ernst Geissler
Werner Gengelbach

Dieter Grau

Hans Gruene
Herbert Guendel
Johann Gustav
Karl Hager
Guenther Haukohl
Walter Haussermann
Karl Heimburg
Emil Hellebrand
Gerhard Heller
Bruno Helm
Alfred Henning
Rudolf Hermann
Bruno Heusinger
Guenther Hintze
Otto Hirschler
Otto Hoberg
Rudolf Hoelker
Helmut Hoelzer
Oscar Holderer
Helmut Horn
Hans Hosenthien
Hans Hueter
Dieter Huzel
Walter Jacobi
Wilhelm Jungert
Hans Kammler
Erich Kaschig
Karl Klager

Ernst Klauss
Johann Klein
Georg E. Knausenberger
Heinz-Hermann Koelle
Max Kramer
Hubert Kroh
Werner Kuers
Joachim Kuettner
Hermann Kurzweg
Hermann Lange
Oswald Lange

Willy Leyt

Hans Lindenberg
Hans Lindenmayr
Kurt Lindner
Hannes Luehersen
Carl Mandel
William Mrazek
Hans Maus

Helmut Merk
Joseph Michel

Hans Milde

Heinz Millinger
Rudolf Minning
William Mrazek

J. W. Muehlner
Fritz Mueller

Heinz E. Mueller
Rudolf Nebel

Erich Neubert

Kurt Neuhoefer
Wolfgang Noeggerath
Max Novak

Adolf Oberth
Hermann Oberth
Robert Paetz

Hans Palaoro

Kurt Patt

Hans Paul

Karl Pohlhausen
Theodor Poppel
Willibald P. Prasthofer
Jesco von Puttkamer
Eberhard Rees
Gerhard Reisig
Georg Rickhey
Walther Johannes Riedel
Werner Rosinski
Ludwig Roth
Heinrich Rothe
Arthur Rudolph

1869

Harry Ruppe

Friedrich von Saurma

Heinz Schnarowski

Klaus Scheufelen

Martin Schilling

Rudolf Schlidt

Helmuth Schlitt

Helmut H. Schmidt

Albert Schuler

Georg Paul Schulhof,
a.k.a. George P. Sutton'

William August Schulze

Friedrich Schwarz

Walter Schwidetzky

Karl Sendler

Eberhard Spohn

Werner Sieber

Fridtjof Speer

Ernst Steinhoff

Hermann Steuding?

Wolfgang Steurur

Ernst Stuhlinger

Johann Tschinkel

Bernhard Tessmann

Adolf Thiel

Georg von Tiesenhausen

Werner Tiller

Arthur Urbanski

Fritz Vandersee

Werner Voss

Theodor Vowe

Herbert Wagner

Hermann Weidner

Gunter Wendt

Walter Wiesman

Albin Wittmann

Hugo Woerdemann

Albert Zeiler

Helmut Zoike

Table 9.2: Some German-speaking scientists and engineers in postwar U.S. and U.K. rocket and

missile programs.

"Willy Ley came to the United States in 1935. TGeorg Paul Schulhof, later and
much better known as George P. Sutton, came to the United States in 1938.
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a Black Knight
B (1958)

Figure 9.174: German-speaking rocket engineers designed the British Black Knight, which was first
launched in 1958. See also p. 5576.
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Blue Streak (1964)

Renamed Europa with upper stages (1968)

Figure 9.175: German-speaking rocket engineers designed the British Blue Streak, which was first
launched in 1964. With upper stages mounted on top, it was renamed Europa and launched in
1968. See also p. 5576.
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Black Arrow
(1969)
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Figure 9.176: German-speaking rocket engineers designed the British Black Arrow, which was first
launched in 1969. See also p. 5576.
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Figure 9.177: Based on their earlier A-4 and Redstone engines, Wernher von Braun’s team designed
RP-1/liquid oxygen engines with gas generators: the Jupiter S-3 (first operational in 1955) and the
Saturn H-1 (first operational in 1963). The much-hyped SpaceX Merlin 1D engine (first operational
in 2012) was directly copied from the H-1 engine yet produces less thrust than the H-1.
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9.7.3 Postwar Soviet Rocket Programs

German-speaking engineers, designs, and materials also greatly contributed to the development of
missiles, rockets, and spacecraft in the Soviet Union.'6

Huge numbers of German-speaking scientists and engineers were employed (willingly or otherwise)
in postwar Soviet rocket and missile programs (p. 2064). Table 9.3 lists some examples. Helmut
Grottrup (German, 1916-1981) was the most prominent scientific leader and coordinator among
the German-speaking engineers. Figure 9.178 shows an October 1947 photo at the Kapustin Yar
rocket testing site, where Grottrup posed with Karl Viktor Stahl, Johannes Hoch, Fritz Viebach,
and Hans-Albert Vilter.

Figure 9.179 presents the first three major types of Soviet ballistic missiles (see also p. 5797):

e The SS-1 or R-1 Scunner was basically just an A-4/V-2 rocket (14 meters long) that was
manufactured by Germans under Soviet control and used 1950-1953.

e The SS-2 or R-2 Sibling was a longer, upgraded A-4 (18 meters long) that was in service 1953
1956. Not only was it produced by German engineers, but it appears to have been copied from
18-meter extended A-4 rockets that were secretly developed and tested in Germany during
the war (p. 5794).

e The SS-3 or R-5M Shyster, also shown in Fig. 9.180, was an even longer upgraded A-4 (21
meters long) that was in service 1956-1967. It was again created by German engineers, also
apparently based on wartime work (p. 5794). In fact, with its 1200 km range, capable of
delivering a nuclear warhead to anywhere in the United Kingdom from dedicated launch sites
near Peenemiinde, the SS-3 appears to have been the very embodiment of wartime German
plans (p. 5575).

Later Soviet rockets, including those still used by Russia today, were also the product of German-
speaking engineers working in the Soviet Union:

e The clustered design of the R-7 or SS-6 Sapwood and all later Russian rockets was directly
derived from Helmut Grottrup’s G-5 design, as illustrated in Fig. 9.181
[http://www.astronautix.com/g/g-5.html].

e The RD-107/RD-108 engines of the R-7 and all later Russian rockets were directly derived
from engine designs by Werner Baum (German, 1918-2077), as shown in Fig. 9.182 [Przybilski
2002al.

e Figure 9.183 illustrates how Helmut Grottrup’s rocket designs and Werner Baum’s engines
were used for the R-7, Sputnik, Vostok, Voshkod, and Soyuz launchers.

e Soyuz rockets are still used by Russia for launches to the International Space Station (Fig.
9.184).

1For much more information, see: Chertok 2005-2012; Robert Godwin 2001; Harford 1997; Oberg 1981; Phelan
2013; Przybilski 1999, 2002a; Reinke 2007, pp. 36—-37; Siddiqgi 2000; Uhl 2001; Scientific Intelligence Review 1946;
NYT 1947-05-18 p. 45.
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Albert Adolf
Werner Albring
Helmut Anders
Erich Apel

Willi Aporius
Herbert Auler
Gerhard Bart
Werner Baum
Heinz Bauschke
Karl Begel
Siegfried Bergemann
Erich Bischof
Kurt Blasig

Josef Blass
Friedrich Bonisch
Karl Borkmann
Kurt Briese

Hugo Brotler
Bernhard Buckdolf
Giinter Bujak
Wilhelm Burchard
Alfons Busselt
Gerhardt Butke
Heinz Biittner
Rudolf Chwalczyk
Erich Drews

Hans Eiseler

Josef Eitzenberger
Fritz Engelmann
Helmut Faulstick
Georg Gasch
Bernhardt Gerhardt
Paul Gerold
Alfred Grevesmiihl
Helmut Grottrup
Alfred Griinert
Micheslaw Gudakovskij
Heinz Hasse
Werner Haase
Erich Habann
Karl Harnisch
Alfred Hecker

Karl Held
Bruno Henning
Walter Hensch
Anton Herr
Rudolf Herrman
Johannes Hoch
Heinz Jaffke
Alois Jasper
Anton Kahler
Heinrich Kindler
Alfred Kirchner
Alfred Klippel
Alfred Klose
Wilhelm Knack
Heinz Knittel

G. Kraut

Hans Kuhl
Gerhard Lange
Erich Langenbach
Ernst Lehmann
Ludwig Leihfeld
Werner Lessing
Josef Linke
Kurt Magnus
Fritz Mattheis
Franz Matthes
Otto Meier
Emil Mende
Heinz Moser
Rudolf Miiller
Werner Miiller
Herbert Mummert
Horst Nehrkorn
Peter Neidhardt
Lisa Neumeister
Friedrich Nikolaus
Friedrich Otto
Walter Pauer
Max Pehle
Arthur Pilz
Bertold Podeschva
Josef Poitner

1875

Max Pole

Hans Prost

Oswald Putze
Siegfried Reinhard
Helmut Ritter
Fritz Rockstuhl
Erwin Rossler

Paul Rothe

Walter Riidiger
Ferdinand Rule
Franz Schadt
Waldemar Schellhorn
Konrad Schidlo
Walter Schierhorn
Walter Scholz
Heribert Schroder
Werner Schulz
Wilhelm Schiitz
Willi Schwarz
Gerhard Siegmund
Willi Sommer

Karl Viktor Stahl
Felix/Ferdinand Stolpe
Heinrich Striitzing
Hubert Tacke
Rosemarie Tannh&user
Paul Taubert

H. Tellmann

Wolf Trommsdorff
Robert Tschechner
Joachim Umpfenbach
Harmm Verger
Fritz Viebach
Hans-Albert Vilter
Willi Vredl

Karl Wilhelm
Henrik Winskowski
Waldemar Wolff
Kurt Wohlfahrt
Willi Zeleskij
Heinz Zershinskij
Herman Zimpe

Table 9.3: Some German-speaking scientists and engineers in postwar Soviet rocket and missile

programs.
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Kapustin Yar rocket testing site

Johannes
Hoch
(1913-
1955)

(October 1947)

Helmut

Grottrup
(1916—
1981)
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(1907-
1961)
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(192?-
19??

Figure 9.178: Helmut Grottrup led the team of German-speaking engineers that designed and
developed postwar Soviet rockets. In this October 1947 photo at the Kapustin Yar rocket testing
site, he posed with Karl Viktor Stahl, Johannes Hoch, Fritz Viebach, and Hans-Albert Vilter.



9.7. LARGE LIQUID PROPELLANT ROCKETS

SS-1 Scunner
(R-1)

In service
1950-1953

15
10
5
0

SS-2 Sibling

(R-2)

In service
1953-1956

15
10
5
0.
|

1877

SS-3 Shyster
(R-5M) Oy
In service
1956-1967
15
10
5
,’5 TJ
H f
OA

l

Figure 9.179: Examples of early Soviet ballistic missiles derived directly from German creators and

creations.
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SS-3
Shyster
(R-5M)

Figure 9.180: The SS-3 Shyster (R-5M) ballistic missile was derived directly from German creators
and creations.
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Helmut Grottrup
(1916-1981)

The clustered design of the R-7
and all later Russian rockets
was directly derived from
Helmut Grottrup’s G-5 design

R-7 or SS-6 Sapwood
In service 1959-1968

G-5. R-15 R-7 Initial Design R-7 Final Design R-7 I Sputnik 1
Cluster of G-4s” RD-105/106 Engines RD-107/108 Engines RD-107/108 Engines
3000 kg fission warhead 3000 kg fisslon warhead 5500 kg thermonuckar warhead

Figure 9.181: The clustered design of the R-7 and all later Russian rockets was directly derived
from Helmut Grottrup’s G-5 design [http://www.astronautix.com/g/g-5.html].
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Figure 9.182: The RD-107/RD-108 engines of the R-7 and all later Russian rockets were directly
derived from Werner Baum’s engine designs [Przybilski 2002a].
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d

R-7 and all later Russian rockets
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Figure 9.183: R-7 and later Russian rockets through current Soyuz launchers were directly derived
from Helmut Gréttrup’s rocket designs and Werner Baum’s engines.
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Soyuz Soyuz
(1966) (2020)

Figure 9.184: Even the most recent Russian rockets such as Soyuz (1966—present) are directly based
on German rocket designs and German rocket engines. For more information, see pp. 1875-1881.
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9.7.4 Postwar French Rocket Programs

Similarly, German-speaking scientists and engineers made major contributions to postwar programs
in France. Writing for L’Ezxpress, investigative journalists Vincent Nouzille and Olivier Huwart
researched unclassified French government records and described the recruitment and ultimate
technological impact of over 1000 German and Austrian scientists and engineers in France after
the war, especially with regard to missiles and other aerospace technologies [Nouzille and Huwart
1999].

For some examples of German-speaking contributions to postwar French rockets, including Véronique,
Diamant, and Ariane, see Table 9.4 and Figs. 9.185-9.189 [Jiirgen Michels 1997]. Later the German-
designed Viking engine and other Ariane technologies were licensed to India, which built copies for
its space program (p. 1889).

For more information on German-designed rockets in France, see pp. 5576-5584.

Bachmann Hohne Irene Sanger-Bredt
F. Bayer Hiittenberger Schabert
Behnke Rolf Jauernick Karl Scheidt
Bernkopf Just Schlotzer
Billig Kauba C. Schmidt
Bodenstein Keiner W. Schmidt
Uwe Bodewadt Kieffer Schmoll

Boese Klar Schnapper
Bornscheuer Hans Kleinwéchter Oskar Scholze
Karl-Heinz Bringer Kohl Schossig
Biichner Konig Schubert

Buhl Otto Kraehe Schuran
Deucker Krémer Joachim Seidel
Dollhopf Laebe Sohn

Rolf Engel Lammerhirt Stork

Fabian Lang Strobel
Folster Liesegang Stumke

Frey Lortsch Hermann Teichmann
Gardian Menke Voigt

Gortz Mosch Walther
Grater Otto Miiller Helmut Weiss
1. Gross Netterscheim Weissenborn
Martin Haas Wolfgang Pilz Woytech
Helmut Habermann Willibald P. Prasthofer Wiiterich

Rudolf Hackh
Heine
Joseph Himpan

programs.

Rudolf Reichel
Ernst Runge
Eugen Sénger

Wolfgang Zangl
Helmut von Zborowski

Table 9.4: Some German-speaking scientists and engineers in postwar French rocket and missile
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Figure 9.185: Karl-Heinz Bringer designed and demonstrated a long series of sophisticated rocket
engines in wartime Germany and postwar France, culminating in the Viking engine for the Ariane
rockets.
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Karl-Heinz
Bringer
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Figure 9.186: Karl-Heinz Bringer led a team of German-speaking engineers that designed and
developed postwar French rocket engines, such as the Viking engine for the Ariane rockets. Later
the Viking engine and other Ariane technologies were licensed to India, which built copies for its
space program (p. 1889).
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ey

Figure 9.187: German-speaking rocket engineers designed the French Véronique, an A-4/V-2-like
rocket that was first launched in 1954.
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Figure 9.188: German-speaking rocket engineers designed the French Diamant, which was first
launched in 1965.
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Ariane 1
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Figure 9.189: German-speaking rocket engineers designed the French Ariane, which was first
launched in 1979.
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Figure 9.190: Preparatlon for the 2020 launch of India’s Polar Satellite Launch Ve-
hicle using the Vikas rocket engine, a licensed copy of Karl-Heinz Bringer’s Viking

rocket engine, as well as other German-designed Ariane technologies. See also:
https://www.b14643.de/Spacerockets/Specials/ VIKAS engines/Vikas.htm
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9.8 Submarine-Launched and Solid Propellant Rockets

Section 9.8.1 concerns submarine-launched missiles that were developed or were under development
during the war, as well as the postwar influence of such projects and German-speaking scientific
experts.

Section 9.8.2 covers the wartime and postwar development of solid propellant rockets.

Not all submarine-launched missiles used solid propellant, and not all solid propellant rockets were
designed to be launched from submarines, but the two histories are so deeply intertwined (because
solid propellant is especially desirable for submarine-launched rockets) that they are presented
together here.

A number of supporting documents are presented in Appendix E.

9.8.1 Submarine-Launched Missiles

Several submarine-launched missile prototypes and designs were developed in wartime Germany:

e In May 1942, there was a series of successful tests to launch small Nebelwerfer rockets from
a submerged submarine (U-511). Those tests were documented in a June 1942 report [Bun-
desarchiv Militararchiv Freiburg RH 8/369]. See pp. 1892 and 5631-5639.

e Based on those successful initial tests, during 1942-1945, the German Navy sponsored the
development of a whole series of increasingly sophisticated short-range rockets that could
be launched from a submerged submarine. Those rockets were successfully demonstrated
at Toplitz See, Austria. The rockets and testing equipment were all destroyed at the end
of the war as American forces approached. After the war, though, U.S. Navy investigators
interrogated several of the engineers who were involved in the project and wrote a report
about their work [NavTecMisEu 500-45]. See pp. 1893 and 5640-5645.

e Also based on the 1942 tests and the proposal by Lafferenz, engineers from Peenemiinde
began working on the “Priifstand XII” project to transport and launch A-4 (V-2) rockets
from specially designed underwater cargo containers that could be towed by submarines.
For examples from a large collection of 1944 design drawings [Bundesarchiv Militararchiv
Freiburg RH 8/4067K], see pp. 1894 and 5646-5654. Although in Dornberger’s postwar public
statements he said that nothing ever came of the project, it is unclear how far the project
may have actually progressed. There were reports that at least one Priifstand XII unit may
have been constructed and tested before the end of the war.

e There were also wartime programs to launch modified V-1 cruise missiles from German sub-
marines (pp. 5618-5627).
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These and other wartime German projects were continued in other countries after the war, with
the aid of German-speaking scientists and captured German hardware and plans:

As part of Operation Sandy, the U.S. Navy launched an A-4 (V-2) rocket from the deck of
the USS Midway on 6 September 1947, demonstrating that an A-4 rocket could indeed be
transported and launched at sea (p. 1895).

Beginning in February 1947, Loon missiles, U.S. copies of German V-1 cruise missiles [Quigg
2014], were launched from the USS Cusk submarine, based on wartime German developments
and implemented by German-speaking scientists at Point Mugu Naval Air Missile Test Center.
That program was even marketed as a great American achievement in magazines (e.g., p. 1896)
and in a fictionalized Hollywood film ( The Flying Missile, 1950, Columbia Pictures). See also
p. 5627.

German-speaking scientists and technologies were used to develop a series of more advanced
U.S. cruise missiles beginning in the late 1940s (pp. 1850-1854).

Wernher von Braun’s team was directly involved in developing Jupiter, a liquid propellant
ballistic missile designed to be launched from submarines (but ultimately only deployed on
land; see p. 1897).

German-speaking scientists were deeply involved in the development of U.S. solid propellant
submarine-launched ballistic missiles (SLBMs) in ways that have never been fully disclosed
to the public (pp. 1902-1904 and 5700-5736).

In 1962, Robert Truax at Aerojet proposed to greatly scale up the “Priifstand XII” approach
to create the Sea Dragon, a sea-launched rocket that would have been larger than even a
Saturn V (p. 5655).

The Soviet Union also investigated versions of the “Priifstand XII” approach as part of its
postwar Golem program to develop SLBMs.!”

The first Soviet SLBM, the R-11FM Zemlya (SS-1B SCUD-A), was directly based on the
German Wasserfall (first launched in 1944). Like the Wasserfall, it used storable liquid pro-
pellants. The R-11FM was first launched from a submarine on 16 September 1955. See pp.
1898-1899.

Later generations of Soviet SLBMs, such as the R-13 (SS-N-4, first launched in 1959) and
R-21 (SS-N-5, first launched in 1962) were scaled up from the R-11FM and again were directly
based on German-developed technologies and propellants (p. 1900).

German-speaking scientists and technologies likely also had a great impact on the postwar
submarine-launched missile programs of other countries (e.g., p. 5660).

17

www.globalsecurity.org/wmd/world /russia/golem.htm
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Figure 9.191: Photographs from a 1942 report describing a series of successful tests to launch small
rockets from a submerged submarine [Bundesarchiv Militararchiv Freiburg RH 8/369].
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Figure 9.192: Drawings from a postwar report on a long series of increasingly sophisticated

submarine-launched rockets that were developed 1942-1945 and successfully demonstrated at
Toplitz See, Austria [NavTecMisEu 500-45].
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Figure 9.193: 1944 drawings from the “Priifstand XII” project to transport and launch A-4 (V-2)
rockets from specially designed underwater cargo containers that could be towed by submarines
[Bundesarchiv Militararchiv Freiburg RH 8/4067K].
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Figure 9.194: As part of Operation Sandy, the U.S. Navy launched an A-4 (V-2) rocket
from the deck of the USS Midway on 6 September 1947 [http://www.cv41l.org/photos/gallery/
main.php?g2_itemld=17451].
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U.S. copies of V-1 cruise missile (“Loon”)
launched from U.S. submarine USS Cusk
(first launched 12 February 1947)
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Figure 9.195: Loon, a U.S. copy of the V-1 cruise missile, launched from the USS Cusk submarine,
based on wartime German developments and implemented by German-speaking scientists at Point
Mugu Naval Air Missile Test Center |[http://www.usscusk.com/1953.htm].
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The U.S. PGM-19 Jupiter (1957)
was developed to be a liquid
propellant SLBM. Ultimately it
was only launched from land.
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Figure 9.196: The U.S. PGM-19 Jupiter, first launched in 1957, was developed to be a liquid
propellant SLBM. Ultimately it was only launched from land.
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Figure 9.197: The first Soviet SLBM, the R-11FM Zemlya (SS-1B SCUD-A, first launched in 1955),
was directly based on the German Wasserfall (first launched in 1944). Like the Wasserfall, it used

storable liquid propellants.
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Figure 9.199: Later generations of Soviet SLBMs, such as the R-13 (SS-N-4, first launched in 1959)

and R-21 (SS-N-5, first launched in 1962) were scaled up from the R-11FM and again were directly
based on German-developed technologies and propellants.
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9.8.2 Solid Propellant Rockets

German-speaking creators made huge contributions to large solid propellant rockets.'® Although
solid propellant rockets have lower exhaust velocities than liquid propellant rockets, they can gener-
ally be stored for years without degradation. Therefore, they are primarily used for military rockets
and “off-the-shelf” boosters that can be strapped to the side of the first stage of a spacecraft launch
vehicle. For submarine-launched rockets, where it is necessary to be able to store the rockets stably
and safely for years and yet fire them on very short notice, solid propellants are highly preferable
to liquid propellants.

Most large solid propellant rockets typically contain a mixture of:

~ T70% (by mass) powdered crystalline oxidizer, usually ammonium perchlorate but sometimes
potassium perchlorate, ammonium nitrate, potassium nitrate, cyclotrimethylene trinitramine
(RDX), or cyclotetramethylene tetranitramine (HMX).

~ 15% powdered metal fuel, usually aluminum but sometimes magnesium, zinc, or zirconium.

~ 15% binder, a polymer that both holds the powdered oxidizer and metal fuel in place (while
withstanding high thermal and mechanical stresses) and also serves as additional fuel that
can react with the oxidizer. Binders are usually derivatives of polybutadiene (buna synthetic
rubber), polyurethane, polyalkylene, or polyvinyl chloride.

~ 1% or less of other ingredients that may act as curing agents (to cross-link the polymer binder),
plasticizers (to make the propellant more flexible and therefore less likely to crack), stabilizers
(to slow chemical degradation of the propellant during years of storage), etc.

Instead of the above propellant mixture, missiles that must minimize their smoke (e.g., so it is
harder to see them coming) tend to use double-base propellants such as a mixture of nitroglycerin
and nitrocellulose.

As shown in Fig. 9.200, solid propellant burns along its exposed surfaces, releasing hot exhaust
gases through the nozzle until the propellant is used up or the thrust termination port is opened.
An igniter (not shown) initiates the combustion. For all practical purposes, solid propellant rockets
cannot be shut down and restarted later, unlike liquid propellant rockets.

The exposed surfaces in a solid propellant rocket may be molded into different patterns or propellant
grain designs (Fig. 9.200). Progressive solid propellant grain designs have cross-sectional patterns
of exposed surfaces (e.g., tubular or perforated) such that the exposed surface area and hence
the thrust increase as the rocket burns. Neutral grain designs (e.g., rod and tube or star) have
approximately the same exposed surface area and thrust during most of their burn time. Regressive
grain designs (e.g., slotted or double anchor) have a decreasing exposed surface area and thrust as
the rocket burns. For more complicated thrust profiles, solid propellant rockets may even change

8Benecke and Quick 1957; Christopher 2013; Hahn 1998; Nagel 2011, 2012a; BIOS 27; BIOS 31; BIOS 100; BIOS
571; BIOS 1261; NavTecMisEu 327-45.

19Brooks 1972; Scortia and Cutforth 1971; Hill and Peterson 1991; George Sutton 1992.
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the grain design along the length of the rocket, or use different solid propellants that are exposed
at different times during the engine burn.

Like liquid propellant rockets, solid rockets may be steered by any of several mechanisms during
their burn, including tilting the nozzle (if it is connected to the propellant case by a flexible yet
heat-resistant seal or joint), injecting fluid into one side of the exhaust to divert the rest of the hot
exhaust gas, or moving heat-resistant rudders or vanes that protrude into the exhaust stream.

During World War II, a number of nearly forgotten German-speaking chemists and engineers,
such as those shown in Figs. 9.201-9.205, successfully developed and demonstrated advanced solid
propellant rockets, including for example:

The Rochen ammonium perchlorate/polybutadiene short-range missile, first fired in 1944
(Fig. 9.206).

The Rheintochter two-stage surface-to-air missile, first launched in 1943 (Fig. 9.207).

The Rheinbote four-stage long-range rocket, first launched in 1943 (Fig. 9.208).

The V-101, an ammonium perchlorate/polybutadiene propelled, 140-ton, 30-meter-tall, long-
range ballistic missile that was under development when the war ended (Fig. 9.209).

Key German innovations of that solid propellant rocket technology included:
1. Ammonium perchlorate oxidizer [BIOS 31; BIOS 571].

2. Polybutadiene “buna” synthetic rubber in the propellant to act as both fuel and binder [BIOS
31; BIOS 571].

3. Plasticizers to enable the propellant to be molded into any desired shape, to adhere tightly
to metal walls, and not to be prone to crumbling or brittleness [BIOS 31; BIOS 571].

4. Powdered aluminum as a fuel additive to improve performance [BIOS 27; BIOS 31; BIOS 100;
BIOS 477; BIOS 1261; FIAT 1035; HEC 2434; HEC 2485; HEC 2487; NavTecMisEu 327-45].

5. Various grain designs for the combustion surface inside the propellant to give the desired
variation of thrust with time [Benecke and Quick 1957, pp. 253-255; Klein 1977; BIOS 31;
BIOS 1110; NavTecMisEu 327-45].

As illustrated in Figs. 9.210-9.212, this wartime German technology became the basis for large
postwar solid propellant rockets, including satellite launch vehicles such as the U.S. Scout; strap-on
solid rocket boosters such as those used with the U.S. Space Shuttle, Titan, and Delta rockets;
submarine-launched ballistic missiles such as the U.S. Polaris, Poseidon, and Trident; and solid
propellant land-based ballistic missiles such as the U.S. Minuteman and MX.

Although aerospace historian J.D. Hunley focused mainly on the work of American engineers, he
could not avoid discussing the important contributions of Karl Klager (Austrian, 1908-2002) to the
development of large solid-propellant rockets in the United States after the war [Hunley 1999]:
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Integral to the stories of the propellants used on large rockets and missiles, smaller
tactical missiles, and a host of smaller rockets for a variety of rockets and spacecraft
were the various binders, fuels, and oxidizers that went into the propellants. For ex-
ample, the motors for the Polaris Al missile designed by Aerojet featured a cast, case-
bonded polyether-polyester-polyurethane composition with 15 percent aluminum and
ammonium perchlorate. Karl Klager at Aerojet has been credited with being largely
responsible for developing both the grain and the propellant for these motors, but the
story of their development is evidently quite complex. Klager received the U. S. Navy
Distinguished Public Services Award in 1958 for his work on the Polaris missile, but the
development of some of the propellant ingredients predates when Klager joined Aerojet
in 1950. [...]

Karl Klager, who is credited with the development of HTPB [hydroxyl-terminated
polybutadiene], was asked how he came to develop this low-cost, low-viscosity propel-
lant that has become an industry standard. He said only that he started development in
1961 but waited until 1969 to propose the propellant to NASA for the Astrobee D and
Astrobee F sounding rockets on which it flew successfully. Perhaps, however, Klager’s
response regarding how he came to discover unsymmetrical dimethylhydrazine (UDMH)
(which is a liquid propellant used on the Bomarc missile, Titan 2 missile, Titan 3 and
Titan 4 rockets, and other missiles and rockets) applies equally to HTPB. Klager said
that he simply brought his knowledge of the science of chemistry to bear on the need
for a propellant. He had earned a Ph.D. in chemistry from the University of Vienna
in 1934 and had worked for several chemical firms in Europe from 1931 to 1948 before
moving to the United States and starting work for Aerojet in 1950.

The journalist David Beers, who grew up surrounded by the research of his father and his father’s
coworkers at Lockheed, singled out the importance of Wolfgang Noeggerath for the Polaris solid-
propellant missile [Beers 1996, pp. 38-39]:

“The most beautiful missiles ever fired,” a U.S. Navy Rear Admiral pronounced the
nuclear-tipped A1X Polaris, having witnessed its successful submarine test on a sum-
mer day in 1960. The fully evolved, deployed Polaris, designed under the guidance of
Wernher von Braun’s friend and fellow former Nazi, Wolfgang Noeggerath, was capa-
ble of traveling 2,400 nautical miles in a few minutes and delivering, from its elusively
mobile launchpad, three separate warheads to a single target deep within the Soviet
Union—facts no doubt beautiful to a nuclear warfare strategist.

The Baltimore Sun reported the death of Werner Hohenner (1907-2000) another German scientist
who played an important role in the development of the Polaris missile [Baltimore Sun 2000-11-29]:

From 1947 until 1954, Mr. Hohenner was at the Point Mugu Naval Air Weapon Station
in California, working in the Naval Ballistic Program that led to the development of the
Polaris missile, the first U.S. submarine-launched ballistic missile.

During the rocket’s development, Mr. Hohenner prevailed over Mr. von Braun, who
insisted that the rocket be fueled by liquid rather than solid fuel.
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“He brought a great knowledge ... in fuel handling, and convinced the Navy that if they
followed von Braun’s plan to use liquid fuel, which is dangerous, they could plan on
losing a sub a year in accidents,” said Robert L. Frohmuth, a retired Navy electrical
engineer. “It was a breakthrough, and he was the one who got solid fuel missiles started,
which are still being used today.”

“His greatest achievement was the development of the Polaris,” said Mr. Schmitz.

From 1957 until retiring in 1973, Mr. Hohenner was chief scientist at the air arm division
at the Westinghouse plant in Linthicum, where he continued his work on weapon systems
and ballistic missiles.

Grayson Merrill, a retired Navy Captain, also emphasized the central role of German-speaking
scientists in the missile programs [Merrill 2003]:

Shortly after this I was detailed to witness some V-2 firings at Cuxhaven staged by
the British and executed by Germans from Peenemunde. It reinforced, in my mind,
the correctness of choosing Point Mugu. After the firings a small group of American
observers gathered in a Bremen rathskeller to quaff beer and discuss what we had seen.
A rumpled fake Army Colonel named Theodore von Kérman summed up our feelings,
“You young fellows must now go home and arrange to put these Germans to work. In
the meantime build a test range for the missiles to come.”

Almost 20 years later it can be said that Point Mugu has borne out the committee’s
judgments. |...]

Many of the LOON technical successes are traceable to the “German Scientists” who mi-
grated to Point Mugu. These included Willy Fiedler, Robert Lusser and Otto Schwede.
But Dr. Herbert A. Wagner, now deceased, deserves special mention. |...]

I left in 1949 but nevertheless watched with pride as the range expanded in support
of such missiles as LARK, SPARROW, REGULUS, RIGEL, POLARIS and TOMA-
HAWK.

Rolf Engel, Uwe Bodewadt, and Hermann Teichmann (all of whom developed and demonstrated
ammonium perchlorate/polybutadiene solid rocket propellants during the war) all went to work for
France after the war (p. 1883). Information on their postwar contributions is not publicly available,
but presumably they were instrumental in developing modern solid-propellant missiles and rockets
in France, and they may have made important contributions in other areas as well.

For much more detailed information on the contributions of German-speaking scientists and engi-
neers to the development of large solid propellant rockets, see Section E.4.
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Figure 9.200: In a solid propellant rocket, the propellant burns along its exposed surfaces, releasing
hot exhaust gases through the nozzle unless the thrust termination port is opened. Different solid
propellant grain designs have different cross-sectional patterns of exposed surfaces such that the
exposed surface area and hence the thrust changes in some desired way (increasing, remaining
constant, or decreasing) as the rocket burns.
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Uwe Bodewadt Gerhard Braun Rudolf Buschmann
(1911-2003) (19?2-19??) (19?7?7-19?7?)

Rudolf Edse Rolf Engel Willy Fiedler
(1913-1998) (1912-1993) (1908-1998)

Figure 9.201: Some German-speaking creators of large solid propellant rockets.
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Heinz-Otto Glimm Erich Habann Werner Hohenner
(1911-1945) (1892-1968) (1907-2000)

Erich von Holt Franz Kalscheuer Karl Klager
(197?-192?? (1913-2002) (1908-2002)

Figure 9.202: More German-speaking creators of large solid propellant rockets.
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Heinrich Klein Ernst Knust Heinz Langweiler
(19?7?-192??) (19?7?2-19?7?) (19?77-19??)

?? Mofimann Helmut Miiller Wolfgang Noeggerath
(19?2-19?7) (19??2-192??) (1908-1973)

Figure 9.203: More German-speaking creators of large solid propellant rockets.
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Alfred Nordt Adolf Oberth Wilhelm Orthmann
(19?7?7-19??) (1928-2007) (1901-1945)

Otto Poppenberg Arthur Rudolph Martin Schilling
(1876-1956) (1906-1996) (1911-2000)

Figure 9.204: More German-speaking creators of large solid propellant rockets.
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Gustav Schweikert  Hermann Teichmann Richard Tilling
(1890-19??) (1913-1976) (1890-1960)

Hermann Viillers Albert Wolff Wilhelm Zeyss
(19??2-192??) (1922-192?) (1908-20?7?)

Figure 9.205: More German-speaking creators of large solid propellant rockets.
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Rochen short-range missile,
first demonstrated in 1944

(sketch of an early design)
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Figure 9.206: The Rochen short-range missile (first fired in 1944) successfully demonstrated am-
monium perchlorate/polybutadiene solid rocket propellant.



1912 CHAPTER 9. CREATORS AND CREATIONS IN AEROSPACE ENGINEERING

Rheintochter R1 surface-to-air missile,
first demonstrated in 1943

A Wase

«;7/'""’

R

whelntodet

Figure 9.207: Heinrich Klein led the Rheinmetall-Borsig team that created the Rheintochter solid
propellant, two-stage, surface-to-air missile, which was first launched in 1943.
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Figure 9.208: Heinrich Klein and his Rheinmetall-Borsig team also created the Rheinbote solid
propellant, four-stage, long-range rocket, which was first launched in 1943.
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II. Per-pulver

Mr. Larsson worked with the applications of this propellant
to various rocket weapons, at the Skoda Works Rocket Reasearch
Station at Pibrans, Czechoslovakia, for about 6 months. Here
he met the inventor of Per-pulver, Dr. Teichmann, and his two
collaborators, Dr. Knuat and Dr. Nord.

Per-pulver is also called Nider-druck-pulver, Super-pulver
and Dauerbrand.

Camposition:

Ammonium perchlorate ... .. 25 = LO%
Buna 83 oo voe PP eo s 25%
Vinapas sae e e 50 « 35%
Stabiliser ... oo oee ses 2= S

Later interrogations of Dr. Telchmann, however, show that
these figures are not exact. The camposition cogtains about
80% of ammonium perchlotate.

HEC 5787/22

K, Skoda "V = 101"

The large munitions work Skoda in Pilsen, Czechoslovakia, operated
a rocket experimental station ot Pribrans, Czechoslovakia, Here work
wns being done towards the development of a stratosphere rocket 100!
long and weighing 140 tons.

L. "Rochen" ("Roe")
This was a rocket projectile for wire control under development
by the Torpedo Research Station Gotenhaven, Tests were conducted
there and at a research station Grossendorf. This project was under

the cognizance of the Navy High Command,

Figure 9.209: Hermann Teichmann and his collaborators invented and optimized ammonium per-
chlorate/polybutadiene solid rocket propellants, successfully demonstrated them in the Rochen
short-range missile, and were using those propellants to develop a 140-ton, 30-meter-tall, long-
range ballistic missile, the Skoda V-101, when the war ended [top: BIOS 571; bottom: HEC 5787].
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U.S. Navy Polaris A-1
solid propellant
rocket engines

developed at Aerojet
(first flight 1958)

Figure 9.210: German-speaking scientists played major roles in the development of postwar large
solid propellant rockets such as the Polaris missiles.
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U.S. Army Pershing 1
solid propellant rocket engines
developed at Redstone and Thiokol
(first flight 1960)

N

-

Figure 9.211: German-speaking scientists played major roles in the development of postwar large
solid propellant rockets such as the Pershing missiles.
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Figure 9.212: German-speaking scientists played major roles in the development of postwar large
solid propellant rockets such as the Minuteman missiles.
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9.9 Rocket Planes and Space Planes

German-speaking creators also led the way in the development of rocket planes (Section 9.9.1) and
space planes (Section 9.9.2), from the first rocket plane in 1928 to the U.S. Space Shuttle.?’

9.9.1 Rocket Planes

German-speaking scientists and engineers designed and tested numerous rocket planes from the
1920s to 1945:

e Alexander Lippisch (German, 1894-1976) designed the first rocket plane, the Lippisch Ente,
which was powered by two solid propellant rockets and test flown in 1928. See Fig. 9.213.

e In 1929, Fritz von Opel (German, 1899-1971) funded and piloted the second rocket plane.
The Opel RAK.1 was designed and built by Julius Hatry (German, 1906-2000), with solid
propellant rockets by Friedrich Sander (German, 1885-1938). See Fig. 9.213.

e In the late 1930s, engineers under Ernst Heinkel began developing and testing rocket planes
using liquid propellant rocket engines, provided first by Wernher von Braun and then by
Hellmuth Walter (German, 1900-1980). The culmination of that work was the Heinkel He
176, which was successfully test flown in 1939, powered by a Walter rocket engine. See Fig.
9.214.

e Shortly after that, Hellmuth Walter produced the liquid rocket engine, and Alexander Lippisch
and Friedrich Otto Ringleb (German, 1900-1966) created the aircraft, for the Messerschmitt
Me 163 Komet (Comet) rocket plane, the best-known German rocket plane. The Me 163 was
first demonstrated in 1941, and several hundred were produced by the end of the war; see
Figs. 9.215-9.216.

e In 1944, Erich Bachem (German, 1906-1960) designed the Bachem Ba 349 Natter rocket
plane for vertical take-off. Several dozen were built, but they were still undergoing testing at
the end of the war. See Fig. 9.217.

e Felix Kracht (German, 1912-2002) created the DFS (Deutsche Forschungsanstalt fiir Segelflug)
228, which was designed to be launched from a Dornier Do 217 bomber, then use a Walter
rocket to climb to an altitude of up to 25 km. Two prototypes were built in 1944 but were
still being tested at the end of the war. Nonetheless, the DFS 228 designs that were captured
by the Allies appear to have had an enormous influence on the design of the postwar U.S.
U-2 high-altitude spy plane. See Fig. 9.218.

29Chertok 20052012, Vol. 1, pp. 262-265; Robert Godwin 2003, pp. 38-51; Myhra 2002; Putt 1946b; R. Dale Reed
1997, pp. 129-130, 136; Eugen Sénger and Bredt 1944; Hartmut Sanger 2006; Frank Winter 1990; NYT 1986-11-05.

21Dressel and Griehl 1995; Lommel 2002; Miller 2001; Myhra 2000b; Ranson and Cammann 2003; Spite 1983;
CIOS XXVII-67, XXX-81.
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e Kracht also created the DFS 346, which was again designed to be launched from a Do 217
bomber but would then have used its streamlined design and its Walter rocket engine to
break the sound barrier. A prototype was constructed but not tested before the end of the
war. Captured designs for the DFS 346 appear to have had a tremendous influence on the
designs for the Bell X-1 and X-1A through X-1E rocket planes that were built and tested in
the U.S. after the war. See Fig. 9.218.

e Alexander Lippisch designed and built the DM-1 rocket plane in 1944, and continued to work
on the prototype until spring 1945. It was designed for flight at several times the speed of
sound, although a suitable propulsion system was not installed before the war ended. (Lippisch
considered various propulsion systems, including Walter liquid rocket engines and a ramjet.)
Among other influences it exerted, the DM-1 may be regarded as a direct forerunner of lifting
bodies that the United States began testing in the 1960s. See Fig. 9.219.

After the war, Lippisch moved to the United States, where he developed a wide range of aerospace
technologies at the White Sands Missile Range, Convair, Collins Radio, and his own Lippisch
Research Corporation. Walter developed submarines and other technologies in the United Kingdom,
United States, and West Germany. Felix Kracht worked on many aerospace projects in France and
West Germany, eventually finishing his career as the Senior Vice President of Airbus.
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Alexander Lippisch (1894-1976) developed
the Lippisch Ente rocket plane (flown 1928)

Friedrich Sander
(1885-1938, left),
Fritz von Opel
(1899-1971, right),
and Julius Hatry
(1906-2000, not shown)
developed the :
Opel RAK.1 rocket
plane (flown 1929)

Figure 9.213: Alexander Lippisch developed the Lippisch Ente rocket plane. Friedrich Sander, Fritz
von Opel, and Julius Hatry developed the Opel RAK.1 rocket plane.
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Hellmuth Walter (1900-1980) Walter HWK 109-509 engine

Figure 9.214: Hellmuth Walter designed most German rocket plane engines, such as the HWK
109-509 engine. The Heinkel He 176 rocket plane successfully demonstrated an earlier version of a
Walter rocket engine in 1939.
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Alexander Lippisch, Friedrich Ringleb, and Hellmuth Walter created
the Messerschmitt Me 163 Komet (Comet) rocket plane (1941)

Figure 9.215: Alexander Lippisch and Friedrich Otto Ringleb created the aircraft, and Hellmuth
Walter created the rocket engine, for the Messerschmitt Me 163 Komet (Comet) rocket plane, first
flown in 1941.
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Alexander Lippisch (1894-1976) Friedrich Otto Ringleb (1900-1966)

Me 163 Komet (Comet) rocket plane (1941)
and numerous postwar U.S. aerospace projects

Figure 9.216: Alexander Lippisch and Friedrich Otto Ringleb designed the Messerschmitt Me 163
Komet (Comet) rocket plane (1941) and numerous postwar U.S. aerospace projects [Dayton Daily
News, 8 December 1946, p. 55].
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Erich Bachem (1906-1960) Bachem Ba 349 Natter rocket plane
Hanna Reitsch (1912-1979)

T

Figure 9.217: Erich Bachem (shown here with famous test pilot Hanna Reitsch) designed and built
the Ba 349 Natter, a vertically launched rocket plane.
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Felix Kracht
(1912-2002)

Figure 9.218: Felix Kracht designed rocket planes such as the DFS 228 (predecessor of the U-2 spy
plane) and the DFS 346 (predecessor of the Bell X-1 rocket plane).
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Alexander Lippisch designed and built the
DM-1 rocket plane prototype (1944-1945)

Figure 9.219: Alexander Lippisch created the DM-1 rocket plane prototype, which was designed to
travel at several times the speed of sound.
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9.9.2 Space Planes

As shown in Fig. 9.220, different types of vehicles can employ different trajectories for reentering the
earth’s atmosphere from space. In a ballistic reentry, the vehicle cannot generate aerodynamic lift
to stay aloft, so it quickly plunges into denser and denser layers of atmosphere, rapidly decelerating
due to the large aerodynamic drag force. Ballistic reentry trajectories involve decelerations of at
least 89 times earth’s normal gravity, as well as tremendous heating from atmospheric friction.
Ballistic reentry is used by most warheads and was used by the Vostok and Mercury space capsules.

In contrast, lifting reentry trajectories apply to the case in which the vehicle generates aerodynamic
lift, which allows the decelerating vehicle to remain much higher, in the thinner parts of the atmo-
sphere, much longer than is possible for a ballistic vehicle with no lift. As a result, vehicles using
lifting reentry trajectories experience much smaller decelerations and heating loads, which is why
space plane designs are especially attractive. They can also maximize the distance travelled, which
was of great interest for long-range bombing during World War II.

As shown in Fig. 9.221, Ludwig Roth (German, 1909-1967), with backing from Wernher von Braun
and Walter Dornberger (German, 1895-1980), led the team that developed the A-4b or A-9 winged
rocket and launched it in 1945. For evidence that versions of the A-9 designed to accommodate two
astronauts may have actually been manufactured during the war, see Section E.2.

As illustrated in Fig. 9.222, Eugen Sanger (1905-1964) and Irene Bredt (1911-1983) designed
the Silbervogel space plane, which would have accommodated one astronaut and was even larger
than the A-9. They made detailed designs and trajectory calculations for the Silbervogel from the
1930s until 1945. For evidence that prototype hardware for the Silbervogel may have actually been
constructed during the war, see Section E.3.

If desired, a vehicle can skip off the upper atmosphere like a fast-moving flat rock skipping off the
surface of a pond, and this is called a skip reentry (Fig. 9.220). Both the A-9 and Silbervogel would
have used rocket power to achieve a suborbital flight, and then could have repeatedly skipped off
the atmosphere to travel part of the way around the Earth before reentering for a final time and
bombing a target.??

Building upon the wartime work on the manned winged A-9 and Silbervogel, many creators and
creations from the German-speaking world played critical roles in postwar programs to develop
space planes, including the U.S. Space Shuttle:

e Wernher von Braun and other German-speaking engineers published detailed descriptions
and illustrations of a space plane in 1952 in Collier’s magazine, in order to try to excite U.S.
public interest and government funding for such a project [Collier’s 1952-03-22].

22 A more complex reentry trajectory that is closely related to the skip reentry is the double-dip reentry. If a
spacecraft is returning from deep space with a huge amount of kinetic energy, its deceleration and aerodynamic
heating would be too great if all of its kinetic energy were expended during just one pass into the earth’s atmosphere.
For this reason, the U.S. Apollo and Soviet Zond capsules that returned from the moon executed a double-dip reentry,
making two passes into the atmosphere before landing. The wartime calculations for the A-9 and Silbervogel pioneered
this area of reentry trajectory methods, and then German-speaking scientists who went to the United States and
Soviet Union after the war helped to implement those methods.
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e In 1946, Walter Dornberger began work on the Bell Aerospace GAM-63 RASCAL air-launched
cruise missile, a large liquid propellant rocket with wings designed for long-range horizontal
flight (p. 1854). In 1952, Dornberger led the Bell Aerospace team that proposed the Bomi
(Bomber Missile) space plane, which was heavily based on the wartime Silbervogel designs (p.
1932). In 1954, Dornberger’s team designed the X-15 rocket plane, which had many similarities
to the wartime manned A-9 designs [Kdsmann 2013, p. 105]. After the Bomi proposal was
rejected, Dornberger was instrumental in recycling the Bomi and Silbervogel designs to create
the X-20 Dyna-Soar space plane; a prototype was built but the program was cancelled in 1963
[Robert Godwin 2003].

e Hans Multhopp (German, 1913-1972, p. 1705) designed the Martin Marietta X-24 lifting
body, which first flew in 1969 [R. Dale Reed 1997, pp. 129-130, 136]; see pp. 1933 and 5612.

e In 1965, Walter Dornberger named the newest U.S. space plane program the “Space Shuttle”
[Dornberger 1965a, 1965b].

e The U.S. Space Shuttle (Fig. 9.225) incorporated design features, experience, and personnel
from the earlier A-9, Silbervogel, Bomi, Dyna-Soar, and X-24 space plane programs [Frank
Winter 1990, pp. 42-44, 113-122]; see pp. 5608 and 5610.

e Adolf Busemann (German, 1901-1986) suggested ceramic tiles for thermal insulation on the
Space Shuttle, and also contributed his detailed knowledge of hypersonic aerodynamics and
heating for the design and reentry [NYT 1986-11-05]; see p. 5611.

e Krafft Ehricke (German, 1917-1984) was deeply involved in space plane projects from Bomi
to the Space Shuttle [Freeman 2008].

e The Space Shuttle Main Engines (SSMEs) were directly derived from engine designs with
especially high combustion chamber pressures that were developed during and after the war
(such as the MBB P111 engine and the Rocketdyne HG-3 engine) by Klaus von Riedel,
Karl Stockel, Hans Georg Paul, Dieter Huzel, and other German-speaking engineers (see pp.
5613-5617).

e The Space Shuttle Solid Rocket Boosters (SRBs) were based on enormous German-speaking
contributions to solid propellant rockets (see Sections 9.8 and E.4).

Thus the Silbervogel and the manned winged A-9, as well as the German-speaking scientists who
worked on them, led directly to postwar space plane programs such as the X-20 Dyna-Soar, the
U.S. Space Shuttle (first launched in 1981, Fig. 9.225), the Soviet Buran (first launched in 1988,
Fig. 9.227), and other space planes such as Dream Chaser (Fig. 9.228) [Chertok 2005-2012, Vol. 1,
pp. 262-265; Frank Winter 1990, pp. 42-44, 113-122].

For more information on wartime and postwar space plane programs, see Section E.3.
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Figure 9.220: Atmospheric reentry approaches include ballistic reentry, lifting-body reentry, skip
reentry, and double-dip reentry.
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Ludwig Roth \

(1909-1967) |
: E EEEET |

A-4b (A-9)
in flight (1945)

Figure 9.221: Ludwig Roth led the team that developed the A-4b or A-9 winged rocket and launched
it in 1945.
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Figure 9.222: Eugen Sanger and Irene Bredt designed the larger Silbervogel space plane and con-
structed prototype hardware for it during World War II.
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Walter Dornberger
(1895-1980) X-15 rocket plane (first flight 1959)

X-20 Dyna-Soar space plane
prototype (cancelled 1963)
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Figure 9.223: Walter Dornberger led the design of the several highly influential postwar rocket
planes and space planes, such as the Bomi (Bomber Missile) space plane, the X-15 rocket plane,
and the X-20 space plane. He also named NASA’s space plane program the Space Shuttle.
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”~

Figure 9.224: Hans Multhopp designed the Martin Marietta X-24 lifting body, which first flew
in 1969. The modern Sierra Nevada Dream Chaser (p. 1937) is essentially a larger version of
Multhopp’s design.



1934 CHAPTER 9. CREATORS AND CREATIONS IN AEROSPACE ENGINEERING

Figure 9.225: First launch of a U.S. Space Shuttle, Columbia STS-1, on 12 April 1981.
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Figure 9.226: A Concorde, Space Shuttle, and 747 together at Washington Dulles International
Airport in 1986. These three vehicles were made possible by the work of many German-speaking
creators, as shown in this chapter and Appendix E.
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Figure 9.227: First and only launch of the Soviet space shuttle, Buran OK-1K1, on 15 November
1988.
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The Sierra Nevada Corporation’s Dream Chaser,
aiming for a first launch in 2022, is one of
the latest vehicles to recycle the designs
of Eugen Sanger, Irene Bredt,

Walter Dornberger, Hans Multhopp,
and the other German-speaking creators

Dyeam Chaser
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Figure 9.228: The Sierra Nevada Corporation’s Dream Chaser, aiming for a first launch in 2022, is
one of the latest vehicles to recycle the designs of Eugen Sénger, Irene Bredt, Walter Dornberger,
Hans Multhopp, and the other German-speaking creators. Especially note the striking resemblance
to Multhopp’s X-24 design (p. 1933); it has simply been made larger to accommodate more people.
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9.10 Space Exploration

On top of their work on liquid and solid rocket propulsion and space shuttles, German-speaking
creators led the way with regard to other aspects of long-term space exploration, including designing;:

9.10.1. Interplanetary trajectories
9.10.2. Space stations

9.10.3. Non-chemical rockets

9.10.1 Interplanetary Trajectories

Walter Hohmann (German, 1880-1945) published a detailed textbook of calculations for spacecraft
trajectories and orbits in 1925 [Hohmann 1925]. Figures 9.229-9.230 show illustrations from his book
for calculations regarding atmospheric reentry, aerobraking, and what are now called Hohmann
transfer ellipses—elliptical orbits for transferring from one nearly circular orbit (such as that of a
planet) to another (such as that of another planet) with the smallest possible expenditure of energy.
The methods that Hohmann proposed and worked out in 1925 have been utilized quite effectively
since the 1960s and will continue to be widely used in future space missions.

In 1928, Franz von Hoefft (Austrian, 1882-1954, Fig. 9.231) laid out the first systematic plan for
steadily progressing from small initial test rockets to very large rockets capable of carrying people
to the moon and to other planets [Ley 1928]. Although von Hoefft did not have the opportunity to
realize his vision, Wernher von Braun’s team did, with their long series of rockets in Germany in
the 1930s and 1940s and then in the United States through the 1960s.

Willy Ley (German, 1906-1969, Fig. 9.231) studied earth science at the University of Berlin but
spent the rest of his life promoting rockets and space exploration, writing a large number of highly
influential books in that area between 1926 (when he was only 20) and his death in 1969. Ley’s
activities and his books directly inspired, brought together, and publicized the work of many other
scientists and engineers involved with rockets and space exploration.

For information on the contributions of German-speaking scientists to planetary science and astro-
physics, see Sections 4.5-4.6.
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Figure 9.229: Walter Hohmann published a detailed textbook of calculations for spacecraft trajec-
tories and orbits in 1925.
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Figure 9.230: Walter Hohmann published a detailed textbook of calculations for spacecraft trajec-
tories and orbits in 1925.
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Figure 9.231: In 1928, Franz von Hoefft published papers describing a planned series of rockets
ranging from small test rockets to large rockets capable of carrying people to the moon and to
other planets. Between 1926 and his death in 1969, Willy Ley published a large number of popular
books advocating for rockets and space exploration.
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9.10.2 Space Stations

German-speaking scientists led the development of space stations from their initial conception
through Skylab to the International Space Station.

In 1928, Hermann Poto¢nik (Austrian/Slovene, 1892-1929), under the pen name of “Hermann
Noordung,” published a book with detailed designs of a large, circular, rotating space station,
as shown in Fig. 9.232 [Noordung 1928]. Potoc¢nik’s designs accurately accounted for everything
from the solar energy requirements of the space station’s power plant to the artificial gravity
in its living quarters. He described and correctly calculated a geosynchronous orbit for the space
station. Poto¢nik’s book also incorporated many of Hohmann’s proposed methods for interplanetary
missions. Unfortunately Poto¢nik died from tuberculosis (which he had contracted during World
War I) when he was only 36; if he had lived he might have helped to realize some of his visions.

Guido von Pirquet (Austrian, 1880-1966) and Hermann Oberth (German, 1894-1989) separately
designed space stations in 1928 and 1929 [Ley 1928; Oberth 1929]. See Fig. 9.233. Oberth pointed
out that such a station could for example tend large space-based mirrors to reflect sunlight on the
earth. Depending on they were used, such mirrors might improve everything from agriculture to
power production to weather, or they might incinerate opposing countries. Von Pirquet explained
in detail how a space station could be used to refuel spacecraft for interplanetary missions.

Krafft Ehricke (German, 1917-1984), one of the later pioneers of space exploration and advanced
rocket propulsion (p. 1957), paid credit to these creators who first worked out the mathematical
and physical details of space travel [Ehricke 1960, pp. 19-25]:

In Germany the most theoretical book on space flight, aside from Oberth’s book, was
written by Walter Hohmann and published in 1925 under the title, Die Erreichbarkeit
der Himmelskdrper (The Accessibility of the Celestial Bodies). It consisted of a sys-
tematic treatment of the departure from the Earth, return to the Earth (re-entry),
free coasting in space, circumnavigation of other celestial bodies, and landing on these.
Hohmann’s departure from the Earth was accomplished by means of vertical ascent.
Lateral motion, for instance to enter a circular orbit or another cosmic orbit, was to
be given after the vehicle had reached its summit point outside the atmosphere. In his
discussion of the return to the Earth, Hohmann proposed to use the atmosphere as a
brake. [...]

Hohmann was fully aware of the aerodynamic heating problem. He stated that it is
important to transform as much of the kinetic energy of the vehicle as possible into
vortex motion of the air. [...] For free coasting in space and the circumnavigation of other
celestial bodies transfer ellipses were considered; Hohmann showed that the cotangential
ellipse would be the most economical, but would require an increasingly long transfer
time when applied to the outer planets of the solar system. He, therefore, also considered
“fast” ellipses which intersect the orbit of the target planet at an angle and require, upon
arrival, not only a change in scalar velocity, but also in direction. Hohmann was the first
to discuss analytically the landing on other celestial bodies, specifically Venus and Mars.
However, he believed that the atmospheric conditions on Mars may not be adequate for
an exclusively aerodynamic descent, and that retrothrust must be employed. |...]
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Austria contributed two outstanding space flight pioneers of the early 20th century,
Guido von Pirquet and Franz von Hoefft. Von Pirquet was the first to investigate system-
atically the significance of a terrestrial satellite station for interplanetary flight. While
Oberth had only mentioned in passing that such satellites could be used as propel-
lant depots, von Pirquet became convinced that, for the realization of space flight with
chemical vehicles, refueling on a satellite would be a necessary condition. [...] Although
Pirquet’s analyses, like Hohmann’s, extended as far as to include circumnavigation of
Jupiter, his development approach was quite realistic. [...]

Von Hoefft [...] contributed three fundamental thoughts: The balloon-launched, high-
altitude rocket; the flat-bottom glide rocket; and the non-aerodynamic configuration
of satellite-launched space ships. Von Hoefft visualized eight development steps, each
characterized by a particular project. In a sense he is, therefore, the first to present
an organic plan for the development of space flight, from a simple balloon-launched
sounding rocket RH I to the interstellar vehicle RH VIIIL. [...]

With this development plan, von Hoefft displayed a remarkable combination of practical
sense and vision. Together with his sincere enthusiasm for the cause of space flight, this
makes him one of the outstanding pioneers in this field.

In this era of the thinkers, another interesting idea was contributed by H. Noordung.
[...] Here Noordung contributed the first engineering concept of such a space station, or
rather what he called its “living unit”. He introduced the rotating wheel shape in order
to provide centrifugal force as a sort of artificial gravity for the crew. [...] He placed his
space station into a very high orbit, about 20,000 n. mi. out where it would complete
one revolution in 24 hr.

Thus, when the remarkable 1920’s drew to a close, the foundations of the new science
of rocket flight and astronautics were established.

Plans for a space station and space mirror were seriously considered by the German government
during World War II, especially with regard to potential military applications, as illustrated in Fig.
9.234 [NYT 1945-06-29 p. 1, 1945-06-30 p. 3; Life 1945-07-23 p. 78; Time 1946-09-02 p. 52].

After the war, Hermann Oberth, Wernher von Braun, Willy Ley, and many other German-speaking
scientists continued to design and advocate for space stations in the United States [e.g., Collier’s
1952-03-22]. Figure 9.235 shows a 1952 space station design from von Braun’s team, drawn by
Chesley Bonestell, based on earlier designs by Potoc¢nik, von Pirquet, and Oberth.

In addition to the large wheel designs, the German-speaking scientists also proposed simpler space
station designs as a starting point. Wernher von Braun, Heinz-Hermann Koelle (German, 1925-
2011), and others proposed converting the empty upper stage of a Saturn-class rocket into a space
station no later than 1959 for the U.S. Army’s Project Horizon project. When von Braun’s group
was transferred from the Army to the recently formed NASA, the project for converting the upper
stage of a Saturn V into a space station first became part of NASA’s Future Projects Office, then
part of the Apollo Applications Program. That project resulted in Skylab, the first U.S. space
station, which was launched in 1973 (Figs. 9.236-9.238).23

23Belew 1977; Benson and Compton 1983; Heppenheimer 1997; Michael Neufeld 2007; Newkirk et al. 1977; Shayler
et al. 2018; Frank Winter 2019; https://www.nasa.gov/centers/marshall/history/skylab.html
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The Skylab design was actually capable of far more than the United States did with it; von Braun’s
team envisioned it to transport and house astronauts during manned flybys of Venus and Mars in
the 1970s [Portree 2012].

Oberth, von Braun, Krafft Ehricke, and other creators also produced many other detailed designs
for manned missions to or bases on the moon, Mars, and elsewhere [e.g., von Braun 1991; Freeman
2008]. While those ideas have not been utilized yet, perhaps they will be in the future.

Even the current International Space Station came about largely because of the longtime political
advocacy of Hans Mark (Austrian/German, 1929-), one of the sons of the chemist Herman(n)
Mark (p. 655) [Hans Mark 1987]. See Fig. 9.239. (Herman Mark’s other son, Peter Mark, 1931
1979, conducted important research on electronics at Polaroid and Princeton until his early death.)
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Figure 9.232: Hermann Poto¢nik, under the pen name of “Hermann Noordung,” published a book
with detailed designs of a large, circular, rotating space station in 1928.



1946 CHAPTER 9. CREATORS AND CREATIONS IN AEROSPACE ENGINEERING

Guido von Pirquet (1880-1966) Hermann Oberth (1894-1989)

Detailed designs for an orbiting
space station and mirror (1929)

Figure 9.233: Guido von Pirquet and Hermann Oberth separately designed space stations in 1929.
Oberth’s station featured a kilometers-wide mirror to focus sunlight on areas of the Earth for either
peaceful or military applications.
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Plans for orbiting space station and mirror (1939-1945)

Nazis’ Scientists Planned

Sun ‘Gun’ 5,100 Miles Up

By GLADWIN HILL
By Wireless to THE NEw YORK TIMES,

PARIS, June 28—German scientists, a high United States
Army ordnance officer declared today, were soberly working on a
project of contriving a platform 5,100 miles in the air from which,
within a matter of fifty or 100 years, it was believed, it might.
be possible to harness the sun’s

rays to demolish nations at will
and rule the world.

Figure 9.234: Plans for an orbiting space station and space mirror were seriously studied during
World War II.
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1952 space station design from Wernher von Braun’s team,
drawn by Chesley Bonestell

Figure 9.235: A 1952 space station design from Wernher von Braun’s team, drawn by Chesley
Bonestell, based on earlier designs by Hermann Potoé¢nik, Guido von Pirquet, and Hermann Oberth.
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Figure 9.236: Beginning no later than 1959, Wernher von Braun, Heinz-Hermann Koelle, and others
in their group designed space stations converted from the empty upper stage of a Saturn rocket.
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Wernher von Braun (left) and
Walter Hiaussermann (back) with
Skylab mockup (October 1968)

Wernher von Braun (left) and
Ernst Stuhlinger (right) with
Skylab model (March 1969)

Eberhard Rees (left) and
Kurt Debus (right) with

Skylab hardware (April 1971)
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Figure 9.237: NASA photographs illustrate the central role that German-speaking scientists such

as Wernher von Braun, Walter Haussermann, Ernst Stuhlinger, Eberhard Rees, and Kurt Debus
played in the design and development of the Skylab space station [Belew 1977].
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Skylab space station, the converted upper stage of a Saturn V

(launched in 1973)

Figure 9.238: Skylab, the first U.S. space station, was built from the converted upper stage of a

Saturn V rocket, and was launched in 1973.



1952 CHAPTER 9. CREATORS AND CREATIONS IN AEROSPACE ENGINEERING

Hans Mark (1929—, salah 5 2
son of Herman(n) Mark) R K
was largely responsible for  §
getting the U.S. government
to approve what became the
International Space Station

Figure 9.239: Hans Mark, the son of the chemist Herman(n) Mark, was largely responsible for
getting the U.S. government to approve what became the International Space Station.
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9.10.3 Non-Chemical Rockets

Whereas most rockets employ chemical reactions, non-chemical (i.e., nuclear) rockets could deliver
much higher performance for deep space missions (Figs. 9.240-9.241). German-speaking scientists
began the development of such advanced rocket propulsion systems during World War II and
continued to lead their development after the war.

Fission thermal rockets store energy onboard in the form of a relatively conventional fission reac-
tor, which is powered by suitable fuel such as uranium-233, uranium-235, or plutonium-239. Like
chemical rockets, fission thermal rockets also store propellant onboard, yet unlike chemical rockets,
fission thermal rockets do not require the propellant to undergo chemical reactions and release
energy of its own. The propellant is simply heated by the reactor to achieve very high temperatures
and pressures, then expelled out of the rocket nozzle, as shown in the upper part of Fig. 9.240.
Minimizing the molecular weight of the expelled propellant maximizes the exhaust velocity, so most
proposed fission thermal rockets use hydrogen propellant. The temperature to which the propellant
is heated is limited by how hot the fission reactor can become without melting the fission fuel or
other reactor components, but that still yields an exhaust velocity roughly twice that of the best
chemical rocket engine.

The upper part of Fig. 9.242 shows that scientists at Peenemiinde and the Reichspost began pro-
grams on nuclear rocket propulsion no later than 1942. Manfred von Ardenne (German, 1907-1997),
Wernher von Braun, Krafft Ehricke (German, 1917-1984), Werner Heisenberg (1901-1976), Franz
Josef Neugebauer (German, 1897-1983), Hans von Ohain (German, 1911-1998), Ernst Stuhlinger
(German, 1913-2008), and others worked on fission thermal propulsion during the war (pp. 5757
5773). After the war, von Braun, Ehricke, Neugebauer, Stuhlinger, and others continued to seriously
develop fission thermal propulsion in the United States, as shown in Figs. 9.242-9.243.

In contrast to fission thermal propulsion, fission pulse propulsion employs fission reactions that
occur outside of the rocket, and therefore are not constrained by the melting temperatures of the
fission fuel or any rocket components. Thus the fission reactions can reach the highest possible
temperatures—those of a fission explosion. Small fission bombs could be ejected from the rear of
the spacecraft; they would explode near the spacecraft, and some fraction of the blast would be
intercepted by a thick ablative “pusher plate,” transferring momentum while protecting the rest
of the spacecraft (Fig. 9.240 bottom). To smooth out the violent shocks of intermittent explosions
into more continuous and more survivable acceleration for the spacecraft, the pusher plate would be
connected to the rest of the spacecraft by giant compressible shock absorbers. The heat, radiation,
and shock to which the vehicle would be subjected pose formidable constraints on the materials
and engineering design, yet the prospect of achieving both very high exhaust velocities and high
thrust-to-weight ratios with an available energy source (fission explosives) is quite attractive.

Most books on the subject say that nuclear pulse propulsion was first proposed after World War
IT by Stanislaw Ulam (Polish, 1909-1984), who was a creator from the greater German-speaking
world [e.g., Dyson 2002, p. 2]. In fact, this approach was first proposed and explored by even earlier
German-speaking creators.

External pulse propulsion by conventional chemical explosives was first proposed by Hermann
Ganswindt (German, 1856-1934) [Ron Miller 1993, pp. 75-76; Ron Miller 2016, p. 48].



1954 CHAPTER 9. CREATORS AND CREATIONS IN AEROSPACE ENGINEERING

The sources on p. 5771 show that external pulse propulsion by nuclear explosives was first proposed
in approximately 1942 by Wernher von Braun. Considering the German military’s great wartime
interest in and funding for rockets, nuclear weapons, and revolutionary methods of delivering heavy
payloads long distances, it seems likely that fission pulse propulsion was seriously considered during
the war, although little relevant documentation is currently available to the public. By the end of
the war, work in this area had apparently progressed at least as far as creating small test models
powered by conventional chemical explosives, which is as far as the postwar work ever progressed
in the United States before the U.S. program was cancelled.

Electric rocket propulsion, or an ion-electron thruster, uses energy (heat, electric voltage, resonant
electromagnetic waves, high-energy electrons from an electron gun, or other methods) to ionize
initially electrically neutral propellant atoms into positively charged ions and negatively charged
electrons, as shown in the upper half of Fig. 9.241. The positively charged ions are accelerated
by the voltage difference between two electrically charged grids and ejected from the rear of the
spacecraft at some desired velocity. To prevent the spacecraft from accumulating more and more
net negative electric charge (as a result of the lost ions) that would actually draw the ejected
ions back to the spacecraft, electrons that have been stripped off the ions must also be ejected,
generally by harvesting them from the ionization chamber and firing them from electron guns
toward the departing ion exhaust. This method of particle acceleration can produce much higher
exhaust velocities than chemical combustion or even fission thermal rockets. However, because
charged particle beams have far lower densities than flows of more traditional rocket propellant,
their thrust is very low. Thus electric propulsion is best for deep space missions where a low thrust
applied over the course of months or even years can yield useful final velocities or changes in the
spacecraft’s orbit. Although ion-electron thrusters could be powered by solar panels or any other
source of electrical energy, it is usually proposed to power them with a fission reactor.

Electric rocket propulsion systems were first proposed by Hermann Oberth in 1929 (p. 5772). Ex-
perimental development of electric propulsion in Germany began no later than 1937 and continued
until at least 1944 (p. 5311). Ernst Stuhlinger, Wernher von Braun, and other German-speaking
scientists continued to develop and promote electric propulsion after the war (pp. 1958, 5772).
Currently very few documents on the wartime electric propulsion program are publicly available,
but it seems likely that Oberth, Stuhlinger, and von Braun were involved in it as well.

Antimatter rockets, first proposed by Eugen Sanger, would store matter and antimatter propellant,
then carefully combine them to create very high-energy exhaust (Figs. 9.241 and 9.243). For equal
amounts of matter and antimatter, 100% of the combined propellant mass could be converted
to energy, versus < 1% for nuclear reactions, so antimatter propulsion could yield the maximum
performance obtainable from a rocket, with exhaust velocities approaching the speed of light. For
maximum density, the antimatter could be stored as anti-atoms such as anti-hydrogen (an anti-
proton plus a positron, or antimatter electron), safely isolated from any matter by electric and/or
magnetic fields. Annihilation of an antiproton with a proton creates ~ 2/3 charged and ~ 1/3
uncharged pions; the charged pions can be directed out a magnetic nozzle before they decay into
gamma rays, although the neutral pions would be nearly impossible to direct.



9.10. SPACE EXPLORATION 1955

Nuclear thermal rocket propulsion

- Fission fuel
Liquid

hyzig%en Hydrogen

2 haust

propellant prans
tank

Nuclear pulse rocket propulsion

Shock absorbers

contract
q h

Body of ) )
spacecraft [——

G —
then stretch

Nuclear

Pusher

explosion

Figure 9.240: Nuclear rocket propulsion approaches. Above: fission thermal rocket propulsion, in
which hydrogen propellant is heated by an internal fission reactor. Below: nuclear pulse propulsion,
in which small nuclear bombs are ejected from a spacecraft and explode outside the spacecraft,
pushing the spacecraft.
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Figure 9.241: Rocket propulsion by an ion-electron thruster (above, also called electric rocket propul-
sion) and matter-antimatter annihilation (below).
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Figure 9.242: Scientists such as Krafft Ehricke at Peenemiinde and the Reichspost began programs
on nuclear rocket propulsion no later than 1942, and continued their work in the United States.



1958 CHAPTER 9. CREATORS AND CREATIONS IN AEROSPACE ENGINEERING

b B

ErnSt Wernher : McGArH1LL SERIES IN MISSILE AND SPACE TECHNOLOGY
Stuhlinger von Braun
(1913-2008) (1912-1977)

Nuclear thermal and
electric rocket propulsion

Ernst Stuhlinger

MITTEILUNGEN AUS DEM

Eugen Siinger (1 905-1 964) FORSCHUNGSINSTITUT FUR PHYSIK DER STRAHLANTRIEBE E.V.

LEITUNG: DR..ING. E SKNGER-DR. L. SKNGER-BREDT

proposed and analyzed STUTTGART
antimatter rocket propulsion

5

EUGEN SKNGER

ZUR MECHANIK DER
PHOTONEN-STRAHLANTRIEBE

(DEUTSCHE FASSUNG)

i)

R OLDENBOURG VERLAG MUNCHEN

JANUAR 1956

Figure 9.243: Ernst Stuhlinger, Wernher von Braun, and others worked on both nuclear thermal
and nuclear electric propulsion in Germany during the war and in the United States after the war.
FEugen Sénger was the first scientist to propose and analyze antimatter rocket propulsion systems.



