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MicHAEL |. NEUFELD

n 15 June 1930, Erich Warsitz made a brief and shaky flight around

the Peenemiinde-West airfield in the Heinkel He 176, the world’s

first pure rocket aircraft.! Ten weeks later, on 27 August, Warsitz

took off from the Heinkel works at Rostock-Marienehe in the
world's first turbojet airplane, the He 178. These two highly secrer flights sym-
bolized the dramatic advances that the Third Reich and its aviation industry had
achieved in only a half-dozen years, and they made Germany the leader in ad-
vanced aeropropulsion. The second flight was also a milestone in what Edward
Constant has called the “turbojet revolution”—a fundamental transformation
of aircraft propulsion, design, and performance that began in the 1930s.?

That these two aviation “firsts” were achieved in Nazi Germany is well
known. Yet for fifty years their military-organizational context has been misun-
derstood. To a great extent, the ghost-written memoirs of Ernst Heinkel, whose
company built the He 176 and 178, have determined that context. Heinkel de-
picted both aircraft as his private initiatives, carried through against official
indifference and even hostility on the part of the Luftwaffe (air force) and its
bureaucratic arm, the Reichsluftfahreministerium (Reich Air Ministry, or RLM).
Heinkel was willing to share the credit only with Erich Warsitz and with the
brilliant engineering physicists who pioneered rocket and turbojet propulsion
in Germany: Dr. Wernher von Braun and Dr. Hans von Ohain, respectively.

Heinkel’s memoirs were shaped, not surprisingly, by the egotism of an ener-
getic industrialist, and they contain errors typical of a book based on later inter-
views. But Heinkel's specific views of the Air Ministry were molded first and
foremost by anger and injured pride. Despite his historic role in ushering in a
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Fig. 9.1. Ernst Heinkel (center) speaks, probably at a celebration of the first turbojet
flight in history in August 1939. At left is the test pilot Erich Warsitz, and at right the
physicist-inventor Dr. Hans von Ohain. Courtesy National Air and Space Museum,

80-1894

new era of flight, the RLM gave a rival, the designer Willi Messerschmitt, the
contracts for the Me 163 rocket interceptor and Me 262 jet fighter that entered
combat in mid-1044. According to his biographer, Heinkel never got over his
disappointment.*

Heinkel’s account of the origins of German rocket and jet aircraft has been
often repeated. Popular histories have mostly followed him without question,
depicting the Luftwaffe as bumbling and slow in taking up the new technolo-
gies.” The more recent scholarly works of Edward Constant and Ralf Schabel
have corrected Heinkel insofar as they have discussed the Air Ministry’s active
intervention in turbojet development after the spring of 1938-—in the wake of
its discovery that Heinkel had been funding von Ohain’s revolutionary engine
work since April 1936. But these valuable monographs only repeat Heinkel’s
claim chat he had first begun supporting reaction-propulsion research in No-
vember 1935, after making an essentially private arrangement with von Braun,
the key engineer in Army Ordnance’s liquid-fuel rocket project.

The organizational improbability of this arrangement should have raised
questions, but no easily available sources clearly contradicted Heinkel's story.”
Long overlooked, however, were Army Ordnance rocket files now in Freiburg
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and Munich, many of which are accessible on microfilm.? Although dominated
by army concerns, these records reveal that the Air Ministry, not Heinkel, origi-
nated research into aircraft reaction propulsion in 1935. The air force began
an energetic rocket program in collaboration with Ordnance, financed ramjet
and pulsejet engine research as well, and then added an independent rocket
development capability. When RLM officials discovered the turbojet work at
Heinkel, I will argue, their longstanding interest in reaction propulsion facili-
tated a quick decision to promote the new technology. In Britain, by contrast,
the inventor Frank Whittle had already envisioned the gas turbine as a jet
engine in 1929—30, but he struggled for years against official indifference. To
understand the context of the “turhojet revolution” in Nazi Germany, it is there-

fore important to examine the origins of the Luftwaffe’s quest for high-speed
flight.

THE RISE OF AN INTERSERVICE
ROCKET-AIRCRAFT PROGRAM

Before 1935, the Air Ministry Technical Office and its chief precursor, Section 8
(aviation) of Army Ordnance Testing Division, had shown little interest in the
rocket. According to an October 1934 document, the RLM had made “agree-
ments” with Ordnance, leaving the army in exclusive control of it. These agree-
ments reflected not only Air Ministry indifference but also Ordnance’s cam-
paign to eliminate amateur rocket groups and monopolize the technology. Army
artillery specialists, led by Testing Division Chief Gen. Karl Becker, felt that ab-
solute secrecy was necessary to conceal from the world Germany's interest in
a potentially revolutionary new weapon: the long-range ballistic missile. In late
1932 Becker set up a small liquid-fuel rocket project at the Kummersdorf ar-
tillery range outside Berlin, as liquid fuels promised much higher performance
than existing solid propellants.®

Because the Air Ministry had only existed since the Nazi seizure of power in
1933, when Hitler had created it for Hermann Géring, RLM officials had to
focus on their main task: forging a clandestine air force as a minimal deterrent
against artack during the early phases of rearmament. (The Versailles Treaty
had forbidden Germany any military aviation, although the army had carried
out some covert training and purchase of aircraft.) Under the circumstances,
exotic new propulsion systems that might allow flight at speeds of over 800 km /h
(500 mph), the practical upper limit for propeller-driven, piston-engine aircraft,
must have seemed distant, utopian, even absurd. Germany scarcely possessed
adequate combat aircraft thar could fly at half that speed.’©
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Yet there were reasons why the new service would quickly become receptive
to radical new technologies like the rocket. Lacking an entrenched establish-
ment, the Luftwaffe was more open to revolutionary technological ideas than
western air forces. It was also imbued, as were the army and navy, with a desire
to quickly make Germany competitive with, or superior to, other powers; tech-
nological zeal combined easily with a nationalist or National Socialist zeal for
rearmament. Moreover, the improving economy, Hitlet’s aggressive rearmament
policy, and the weak Western response to his violations of Versailles, meant
ever-expanding resources for the Luftwaffe, especially after its official unveiling
in March 1935. Finally, German theoreticians closely connected to the Air
Ministry were the international leaders in high-speed aerodynamics. They, as
much as anyone, recognized that the propeller-driven aircraft would in a decade
or less reach the limits of its performance.!

But the proximate cause for the Luftwaffe’s sudden interest in the rocket ap-
peats to have been a single individual: Maj. Wolfram Freiherr von Richthofen.
A cousin and squadronmare of the Red Baron of World War I fame, he was an
ace himself, having shot down eight enemy airplanes in 1917-18. Later a Field
Marshal and one of the Luftwaffe’'s most successful operational commanders,
von Richthofen had acquired an engineering doctorate in the 19205 and be-
come head of the Technical Office’s Development Division in 1933. Accord-
ing to von Braun, von Richthofen came to Kummersdorf in January 1935 and
showed a lively interest in Army Ordnance’s liquid-fuel rocket work. Not coin-
cidentally perhaps, in mid-January Ordnance had presented films and lectures
about the successful launches of two A-2 rockets to a group that included at least
one unnamed RLM official.'?

On 5 February, von Richthofen discussed rocket development in a meeting
at his office. The next day, he wrote to Testing Division’s ballistics and munitions
section, which ran the army rocket project, about an accident in Dessau. An ex-
plosion there had injured an official of Germany's largest aircraft firm, Junkers,
revealing its financing of liquid-fuel rocket development by Johannes Winkler,
a pioneer of the spaceflight movement of the late Weimar Republic. A week la-
ter von Braun and one of his superiors, Capt. Leo Zanssen, went to Dessau to
investigate and to impress upon Junkers Ordnance’s obsession with secrecy. The
resulrs of the investigation, plus a company report probably written by Winkler,
were passed along to the Air Ministry, which awaited them with interest."

The relationship between the two services deepened in March, when Zans-
sen and von Braun, Dr. Lorenz of the Technical Office’s Research Division, the
aerodynamicist Dr. Adolf Busemann, the designer Willi Messerschmitt, and
others observed Paul Schmidt’s pulsejet experiments in Munich. Schmidt was
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an independent inventor who had been working since 1930 on the pulsejet,
a form of air-breathing reaction propulsion with intermittent combustion. In
heavily modified form, his invention would propel the Lufrwaffe’s V-1 cruise
missile or “buzz bomb” launched by the thousands against Brirain and Belgium
in 1944 —45. But in 1935 the Luftwaffe was mainly interested in the pulsejet’s
possibilities for aircraft propulsion. Zanssen and von Braun attended because it
was thought that the army might wish to pursue an automatic “aerial torpedo”—
what we would now call a cruise missile—a concept seen as closer to an ar-
tillery projectile than an unmanned airplane. The upshot was that Ordnance
contributed half of the research funds in a joint agreement with the Air Min-
istry, which would supervise the work. But both sides saw that Schmidt was
years away from a practical propulsion system.'

It was not the first time the cruise missile idea had been broached. In Octo-
ber 1934 the engineer-inventor Hellmuth Walter had contacted Gen. Becker
about the possibility of an “aerial torpedo” based on a ramjet. (A ramjet is essen-
tially a tube that compresses air solely by the ram effect of the inlet ac high
speeds. The air is then burned with a fuel —Walter suggested oil—rto produce
thrust.) Since a ramjet, like a pulsejet, has to be boosted to a high velocity to
work, Walter had proposed burning the fuel in a rocket engine with highly con-
centrated hydrogen peroxide until supersonic cruise velocity was reached. He
had already been working with the navy since 1933 on hydrogen peroxide as a
propellant for U-boat turbines and torpedoes."

Before contacting Becker, Walter also had discussions with the Air Ministry
on using the rocket/ramjet combination in “high-speed aircraft,” and later
claimed to have proposed some sort of turbojet engine as well. But his ideas had
no apparent impact on the RLM. No one had yet demonstrated that a gas tur-
bine would be adequately efficient for aircraft propulsion, and the ramjet con-
cept, which had been known since at least 1913, was still beyond the existing
rechnology. With Luftwaffe support, Walter did carry out exploratory experi-
ments several years later. Meanwhile, Ordnance began to act as a consultant to
his hydrogen-peroxide rocket development in late 1934, without investing any
money.'

While the ideas of Walter and Schmidt must have seemed technically
immature, the Technical Office’s growing contacts with Kummersdorf had
converted von Richthofen into a believer in the rocket—the one reaction-
propulsion technology that appeared within reach. On 10 May 1935, he met
Zanssen to discuss the possibility of a Luftwaffe-Army-Junkers experimental
rocket-plane program. Zanssen explicitly mentioned the aviation section’s ear-
lier lack of interest. Von Richthofen was of quite another opinion. In the fu-
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ture, he argued, bombers could actack at high speeds and ar alvitudes of over
10,000 meters (33,000 feet). They would ke above the ceiling of antiaircraft
fire, and it would be difficult for slow-climbing, propeller-driven fighters to
intercept them. A rapid-reaction, high-speed interceptor would therefore be-
come essential. It was basically the concepr that would later appear as the
Me 163 “Kormet,” 17

COn 22 May, Ordnance replied, endorsing the feasibility of a joint rocket-
aircraft program but expressing reluctance about revealing anything to Junkers.
Ordnance ruled out working with the Winkler group altogether because the pri-
wary application of the rocket was the “liquid-fuel long-range missile,” and its
secrecy had to be protected at all coses, '8

A little over a month later, on 27 June 1935, the Technical Office, Ballistics
and Munitions, and Junkers met at Kummersdorf to view a rocket firing and dis-
cuss terms. Prof. Otte Mader, the head of development at the Junkers Engine
Company, attended, as did von Richthofen and von Braun., For this meeting the
twenty-three-year-old von Braun wrote a seminal position paper. Because a mis-
sile rocket engine was little different than one for an aircraft, he stated, it is
“therefore advantageous that in the future as well, the development of the free-
flying liquid-fuel rocket and the aireraft rocket engine could be carried out hy
the same center. Wa.Prw.1 [Ballistics and Munitions] believes chat this goal can
be achieved through the future creation of an ‘experimental rocket estahlish-
ment.'” This center should have some air force personnel, but they would be
transferred to the employment of the army or the center.!”

At the 27 June meeting, von Richthofen let it be knawn that the Luftwaffe
was not going to be a junior partner in any joint “experimental rocket estab-
lishment.” He also objected to the restrictive conditions that von Braun and
Zanssen had laid down for cooperation with an aircraft firm like Junkers, But he
made these remarks in a friendly way only after explaining his rocket intercep-
tor concept: the goal should be an aircraft that could, after a forry-five-second
hoost, coast up to 15,000 m {50,000 ft} and then glide or cruise a1 high altitude
for some minutres. As a preliminary step, a small experimental rockes plane could
be tested, perhaps by towing it into the air and igniting the engine. Junkers
would begin the preliminary design; von Richthofen had eatlier cleared this ar-
rangement with Mader,

During the summer, the RLM brought Ernst Heinkel Aireraft into the pro-
pram as well, Heinkel's fascination with high-speed flight was well known; it is
also possible that the airframe side of Junkers—technically a separate company
until 1936 —may not have supported Mader. At rhe beginning of September,
Army Ordnance, the Air Ministry, Heinkel, and Junkers signed 3 joint agree-
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ment protecting the secrecy of Qrdnance's rocket development. Only five or
stx people at each firn were to be informed, and rocket-aircraft development
was to he carried out in closed workshops. In late October or November, the
Kummersdorf group received a Junkers “Junior” single-engine light plane to ox-
periment by installing a 3co kg thrust liquid-oxygen falcohol engine in the
tail——the motor that had been used to power the A-2s. The funding and ar-
rangemments for these tests were made through Dr. Adolf Basumker’s Rescarch
Division of the Technical Office in collaboration with the quasi-governmental
German Research Establishment for Aviation (Deutsche Versuchsanstalt fiir Luft-
fahre, or DVL) in Berlin-Adlershof. These experiments aimed ar developing
rakeoff-assist rockets for averloaded bombers as well as gaining experience in
tocket-plane work, Junkers itself dropped out in falf 1935. The reasons are un-
known, but Prof. Mader, who was a conservative piston-engine specialist, may
have been unenthusiastic, or perhaps he did not see the point of Junikers Engine
participating if Winkler’s in-house group was excluded and propulsion develop-
ment was run by Kummersdorf, ™!

Thus Heinkel’s irm became the sole airframe contractor. On 16 October,
von Braun and his chief designer, along with two RLM engineers, mer Heinkel
and his top designers at the Marienehe plant. They discussed the character of
Ordnance's rocket technology and how it might be adapted to an airplane. The
ultimate decision was to pursue an interim project before the construction of a
pure rocket aircrafe. A rocket engine would be installed in the tail of an He 112,
the loser to the soon-to-be-famous Messerschimitt Bf 1og in the single-engine
fighter competition of 1935. In December the firm specified an engine thrust
of 1,000 kg (2,200 1b}. That same month von Braun requested 200,000 marks
(about $50,000) from the RLM for “Project 112 R,” noting thar speed was cru-
cial since the work had already begun.?

MASSIVE INVESTMENTS -~
AND MOVES TOWARD INDEPENDENCE

By the end of 1935, both the Junkers Junior and the He 112 projects had been
launched. But the most important product of the army-Luftwaffe alliance was
yet to come. Shortly after New Year's, Wemnher von Braun's concept of a secrer
“experimental rocket establishment” would bear fruit. Following his discovery
after Christmas of a suitahle site for an airfeld and missile sest range — near the
fishing village of Peenemiinde on the Baltic island of Usedom —the two ser-
vices agreed to jointly fund it. The projected construction cost was 11 million
marks for the first year alone — roughly ten times the Third Reich's expenditure
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on liquid-fuel rocket research for 1935. By April 1036, both services' leader-
ships had approved the deal, the land was purchased, and constrection began.
Only a year later, in spring 1937, von Braun and members of his Kummersdorf
group would begin moving into the army section, Peenemiinde-East. The Luft-
waffe group began forming at Peeneminde-West larer in 1937, and Uvo Pauls,
who had been responsible for rocker engines in the Technical Office since mid-
1936, became head in early 19382

The Air Ministry's commirment to Peenemiinde -—which began with a
promise of 5 million marks from Research Division Chief Baeumker at a time
when he had a virtual carte blanche from Géring to expand his facilities —was
not the RLM’s only new investment in rocketry in 1930.2" Baeumker's division
also lured an Austrian, Dr. Eugen Singer, to set up an institute at a huge aero-
nautical research complex to be built near Braunschweig, and both the Research
and Development Divisions began to fund Hellmuth Walter's hydrogen perox-
ide work in Kiel. While the destruction of the Luftwaffe archive in 1945 makes
it ditheult 1o discern the policy decisions that lay behind these initiatives, let
alone the role of high-ranking leaders like Géring, the air force was clearly en-
suring that it had a liquid-fuel-rocket capability independent of the army.

Stinger's hiring came first. A rocket experimenter and professional engineer,
he submitted a rocket-aircraft proposal to the Germans in 1934 after its rejec-
tion hy the Austrian military. Ordnance was not highly interested but eventu-
ally suggested that the Air Ministry might want to look into his theoretical in-
vestigations of rocket aircraft—indeed, Sanger's 1933 book had discussed his
lifelong obsession, an orbital space plane, and a December 1934 article outlined
arocket-ghter concept that might have influenced von Richthofen. But in Qc-
tober 1935, after the founding of the alliance, von Braun recommended against
the ministry hiring him on the grounds that his efforts would be duplicative.®

Research Division ignored this advice and offered Siinger a conoract. As-
signed to the DVL in Berlin, starting in February 1936, Stinger’s first task was vo
search for a location for a rocket institute and test center to be affiliared with
Braumschweig. Construction of this institute, near Trauen, began in 1937 under
a cover name, with the apparent intent of obscuring its existence as much from
the army as from foreign intellipence services! The Trauen facilities, built at a
reported cost of 8 million marks, included a massive liquid-oxygen plant and
a test stand for rocket morors of up to a 100 metric tons {220,000 1b) of thrusg---
both duplicating facilities at Peenemiinde-East. Sénger’s group began work there
in 1938, tested a 1,000 kg thrust liquid-oxygen fdiesel-oil rocket motor in 1939,
and drew up a design for the 100 metric ton thrust engine for his space plane,
now in the guise of an intercontinental rocket bomber. But the RLM never gave
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Singer adequate tesources for the high-stakes rocket business and terminared
his program in 1942.%

Lack of documentation makes it impossible to know when the Technical Of-
fice decided to make Stinger's institute into a secret competitor with the army.
bt could have been at the outser, bur it may be relevant that the architect of the
interservice alliance, Development Division Chief von Richthofen, feft in No-
vember 1936 to become chief-of-staff of the Luftwaffe’s Condor Legion, which
was fighting for Franco in the Spanish Civil War, He asked for reassignment in
part because of disagreements with Erst Udet, the famous World War [ 'fighter
ace, whom Goring had cavalierly appointed to head the office in June 1936,
even though he knew Uder to he a poor administrator. The major expenditure
on Sanger's facility at Trauen could nat have been made withour Udet's ap-
proval, and it would have been consistent with Géring's desire to assert inde-
pendence from the army.?? )

Shortly after the Air Ministry brought Stinger 1o Germany as a long-term
investment, it also hegan to finance Walter's hydrogen peroxide rocker devel-
opment, in the hope of more immediate results. In March 1936 Walter notified
Ordnance that he no longer needed consultation because he had received from
the RLM “a number of larger contracss for the development of hydrogen per-
oxide rocket devices, aerial torpedoes, jer reaction motors [ramjets!] and take-
off-assist devices based on the catalytic decomposition of hydrogen peroxide.”
These contracts would finance the construction of a rockert test stand at Kiel as
well, making the use of Kummersdorf facilities unnecessary,2

For military use in the field, hydrogen peroxide (H,0,) had a number of ad-
vantages over liquid oxygen. The latter eryogenic liquid, with a boiling point of
~183°C {~297°F), is diffcult to handle and hard to store for long periods; any
aircraft or weapon could onby be fueled immediately before use. Peroxide in
high concentrations (8o percent or more} was not casy to handle either, because
of its tendency to explode when in contact with organic contaminants. Bug
it could he stored at notmal temperatures, and Walter, rogether with a Munich
chemicai firm, had developed a system for producing and handling it. He could
also offer twa different engine types: “hor” and “cold.” In the “cold” version, the
inherently unstable peroxide was run over or mixed with a catalyst, often cal-
cium or sodium permanganare, and decomposed into super-heated steam and
oxygen. He demonstrated just such a system to representatives from the army,
Heinkel, and the Luftwaffe, including von Richthofen, on 30 June~1 July 1936
{not without problems, one might add; erratic decomposition of the peroxide
produced small explosions), The “hot” engine would be longer in coming; it
burned the free oxygen in the catalyzed peroxide with a hydrocarbon fuel, pro-
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ducing more thrust. Fuel efficiency would be improved too, although hydrogen
peroxide would always be a markedly inferior oxidizer to liquid oxygen.??

Attracted by peroxide's flexibility and potential, the Air Ministry began
taking an intense interest in Walrer no later than December 1935; the first con-
tract came from the DVL, which wanted a small rocket motor for mounting on
an aircraft wingtip for roll tests.® During 1936 the RLM rapidly turned Walter’s
development into a parallel program with von Braun’s liquid-oxygen falcohol
project at Kummersdorf. The Development Division decided sometime in 1936
or early 1037 to install a Walter motor in another He 112, while both it and the
Research Division were interested in assisted-takeoff systems for heavily loaded
airplanes. Eventually hydrogen peroxide would become the dominant rocket
propellant in the Luftwaffe, freeing that service almost completely from depen-
dence on army technology.

THE FIRST ROCKET-ASSISTED FLIGHTS

While Walter's engines began to interest the RLM more and more, the Ord-
nance liquid-oxygen /alcohol project was still the primary rocket-aircraft pro-
pulsion program in 1936. Engine tests on the Junkers Junior began early in the
year. In April von Braun wrote to the Research Division noting that a number
of test firings had already been made, but the 300 kg thrust engine needed to be
redesigned, and it shifted the airplane’s center of gravity too far back. Plans to
fly the Junior were then canceled following numerous explosions and burn-
throughs of the new lightweight engine design. Many additional changes were
needed, and the experiments lasted until ar least August 1936.3!

The Junior ground tests primarily became a pathfinder program for the
He 112 project, which was funded by Development Division. During 1936 Kum-
mersdorf designed, constructed, and test-fired the new 1000 kg thrust engines.
Toward the end of the year, the von Braun group installed one in an He 112 rear
fuselage, but there were still explosions and “hard starts” caused by delayed ig-
nition. At least one fuselage was wrecked and replaced. As a result, the ignition
system was changed to a small flame in the middle of the injector. In February
1937, von Braun reported that “tests with the He 112 partial fuselage are now
[proceeding] without setbacks. So far 26 tests have been made.”

The time had come to install an engine in the first flight aircraft. The Luft-
waffe or Heinkel provided the He 112 V4, the fourth prototype. Von Braun re-
ported in February that the “first burn tests with the He 112 V4 should begin in
the coming week.” At the next monthly meeting, on 1 March, he noted that
Erich Warsitz from the main Luftwaffe test facility at Rechlin had been named
as test pilot.*

Fig. 9.2. An He 112 rear fuselage with a liquid-oxygen/alcohol rocket engine is tested at
Kummersdorf, 1936—37. Courtesy Ernst-Karl Heinkel

Fig. 9.3. The He 112 V4 aircraft immediately after completion at the Heinkel factory,
probably in early 1936. Courtesy National Air and Space Museum, 72-8494
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Fig. 9.4. The Focke-Wulf Fw 56 with a small Waiter motor bemg tested at Neuhardenberg
in the spring of 1937. Courtesy Public Record Office, kosdan (e

The successful static tests notwithstanding, the Ordnance group did not
have much confidence in the engine. To fit a rocket £0 2 manned airplane meant
that the thrust had o be throttleable and the controls simple. But the system
was still tricky and hard starts were always a possibility. When Warsitz first came
to Kummersdorf, he stood beside the aircraft and watched as von Braun ignited
the engine from the cockpit. The noise was car-splitting. Later that night he
found out from von Braun in a Berlin bar that this was the first time that it
had ever been done from the aircraft. Usually the engine was controlled from a
bunker many metets away, but von Braun and Walter Kiinzel, the Heinkel engi-
neer responsible for the rocket-aircraft program, were afraid that Warsitz would
never get in the cockpit if he observed the engine test that way!

While the He 112 V4 was being prepared for flight, the Walter “cold” hy-
drogen peroxide program was rapidly catching up. In fact, the Luftwaffe’s first
rocket-assisted flight was made with such an engine in January or February 1937.
Warched by Technical Office Chief Ernst Udet, a Heinkel He 72 Kadeut biplane
trainer owned by the DVL was boosted by a Walter motor of about 130 kg thrust.
According 1o Hellmuth Walter, Udet himself piloted the third flight. Beginning
in April, the RLM planned a concentrated, highly secret test program at the
isolated Neuhardenberg airfield, east of Berlin (Peenemiinde-West was not yet
ready). In addition to the He 112 Vg, there was a Focke-Wulf Fw 56 with a
Heinkel-installed Walter engine; an He 111 two-engine bomber with the first
Walter takeoff-assist rockets designed te be dropped off and reused; and an He
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72, probably with a smatler Kumimersdorf liquid-oxygen falcohol engine. Thirty
flights were made with this aircraft. The latter project was likely dropped, and
virtuaily nothing is known about the Walter experiments, but there were static
tests of the Fw 56.%

After numerous delays and twenty-eight static tests and flights under nor-
maj engine power, the He 112 was finally ready on 3 June 1937, With Pauls, von
Braun, and Kinzel as witnesses, Warsitz for the first time tested the ignition sys-
tem in the air. He started the ignition flane and then attempred to turn it off.
Since it would not go owt, he ignited the engine ar half-power to prevent over-
heating, The acceleration was mild, and after ten seconds he stopped it again.
But Warsitz soon, in the words of the official report, “noticed a strong acrid odor
of burning rubber and paint and clearly perceptible hot gases flowed under the
pilat’s seat.” He looked back ro see the tail on fire! Since he was very low, he
decided on an immediate belly landing. Damage was significant. An unantici-
pated region of low acrodynamic pressure around the tail had sucked aleohol
fumes back into the fuselage, where they were ignited by heating or the ignition
flame.

The aircraft had o be sent back to the Heinkel works for repairs and modi-
fications, with a target date for completion of 15 July. The rocket engine also
needed a number of technical improvements to prevent a reccourtence of the
accident. For secrecy reasons, Ordnance at first insisted that the engine be re-
installed at Peenemiinde-East but eventually relented and allowed it to be done
in a closed building at Marienehe, Warsitz flew the He-112 Vi at Neuharden-
berg later in the year, but no records of these flights have yet come to light,”?

In spite of this success, the safety of the V4's nitrogen-pressurized rankage
system was doubrful, so the RLM, Ordnance, and Heinkel decided 1o rebuild the
aircraft. The propellants would instead he pumped, using a turbopump powered
by caralyzed hydrogen peroxide from a “steam generator,” The Ordrance rocket
group had begun developing turbopumps in. 1935, because of the need for them
in large rocket engines, and had contracted with Hellmuch Walter for a steam
generator in spring 1936. The He 112 V4 system was to be derived from the pre-
liminaty design for a Heinkel pure rocket aircraft, as well as from the turbo-
pump/steam generator in the Walter-engined version of the He 112. Again, no
cancrete data is available, but Warsitz piloted the He 112 V3 hefore rhe end
of 1937. Flights continued into 1938, culminating in takeoffs solely under
“cold” hydrogen peroxide rocket power, with the piston engine turned off, The
V3's successes and technical problems with Ordnance’s system, in conjunction
with the RLM’s policy of fostering an independent rocket capability, no doubt
strengthened its growing preference for hydrogen peroxide
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Fig. 9.5. The He 112 V3 at Neuhardenberg or Peenemiinde-West, [937-38, Courtesy
Public Record Office, Leaden \<.e..

THE HE 76

With the completion in the fall of 1937 of successful rocket-assisted flights, the
RLM was finally ready to approve the pure rocket aircraft. In Qctober 1937 it
assigned the designation He 176 to the Heinkel company's Project “P 1033," a
concept on the drawing boards since about December 1936.% lgnoring the
RLM’s interest in a rocket intercepror —a decision that would fater be fateful —
Ernst Heinkel and his designers, Walter and Siegfried Giinrer, together with
Erich Warsitz, laid out the He 176 with one purpose in mind: speed. They werce
enthralled with the idea of creating the world’s fastest aircraft and saw that the
rocket plane might even pur the magic number of 1,000 km/h (62¥ mph) in
their grasp. At the time, the world’s record barely exceeded 500 km/h. To save
weight, the He 176 was tiny: it had a wingspan of abour § m (16.4 ft}, a length
of about 6 m {1g9.7 ft}, and a toral loaded weight of under two tons. In accor-
dance with the aeradynamic knowledge of the time, the wings were thin, but
not swept back, Their total area of only 5.5 square meters meant very high wing
loading, and thus a high landing and stall speed. As a result, the He 176 was
tricky to fly and difficult to glide if the propeltants ran out, which was not un-
tikely given thar there was only enough to last rwo minutes. Finally, the cockpit
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Fig. 9.6. A post-1945 artist's conception of the He 176 in flight. Courtesy Deutsches
Museum

was 5o tight, it was literally designed to fit one man: Erich Wassitz. The He 176
would in effect be his personal rocket plane.®

Like the He 112, the He 176 would also receive two different rocket en-
gines. Heinkel and the RLM decided no lacer than late 1937 that the first air-
craft, the Vi, would have a 600 kg thrust “cold” Walter motor, while the second
would get the more powerful and efficient 1,000 kg, turhopump-driven, liquid-
oxygen falcohol engine similar to the one to be installed in the He 112 V4. Yet
the e 176% small size was such that “the machine would already reach very
high velacities in horizontal flight at a thrust of 40 10 100 kg.” Atan 11 Janu-
ary 1938 meeting, Ordnance, Heinkel, and the RLM decided to size the liquid-
oxygen falcohal engine for a thrust level of 750 kg (later reduced to 725 kg), with
a capacity for the pilot to boost it to 1,000 kg for takeoff. Wernher von Braun's
group also hoped to double combustion chamber pressure to 25 atm, further in-
creasing fuel efbciency. Cooling probleras, however, thwarted this plan, and the
prowing burdens of the army missile program kept the aircraft projects under-
manned in Peenemiinde-East and Kummessdorf, Ordnance promised the re-
engined He 112 V4 would be ready in mid-March 1938, but technical problems
postpened its return to Peenemiinde-West uneil June 1939. The motor for the
He 176 lagged even more, which must have further increased RLM skepricism
about Qrdnance’s technology.*!

The technical probiems in ficting the tiquid-oxygen falcohol system to the
little rocket plane were not confined to engine operation. From the outset, the
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engine mass in the tail was problematic because of its impact on the He 176’
center of gravity. In early 1938 Heinkel specified a weight of only 14 kg, includ-
ing the fuel circulating in the cooling jacket around the combustion chamber.
Moreover, in August 1938 the Peenemiinde-East engineer in charge stated:
“The very difficult spatial relationships in the small machine make it necessary
to divide the propellants among many tanks. For oxygen there are 3 tanks in a
row one behind the other.” The fuel was also divided between a fuselage tank
and two in the wings—a very advanced design in which the water alcohol was
contained inside the sealed wing structure. The multiple liquid oxygen tanks
were particularly inopportune, because they increased warming and thus pro-
pellant evaporation loss. A small hydrogen peroxide tank was needed as well
to power the steam-generator/turbopump. In truth, Ordnance’s propulsion sys-
tem was poorly suited to the tiny craft, which along with the He 176’ marginal
safety, brings into question the very design chosen by Heinkel and the Gunter
twins. By spring 1939 the Ordnance engine was postponed to the now projected
V3 and V4 aircraft, which were to have one unified liquid oxygen tank. The He
176 V2 would receive a Walter motor.*

Little affected by these problems, Walter Kiinzel’s ultrasecret “Special De-
velopment” unit at Heinkel proceeded rapidly with the construction of the Vi1
in 1938. In order to verify calculations of its aerodynamic qualities, the RLM
paid for V1 testing from ¢ to 13 July in the large windtunnel at the Aerodynamic
Research Establishment in Géttingen. Meanwhile, Heinkel and Peenemiinde-
West began ground and air-drop tests of the separable cockpit section, which
the designers had included because the He 176's anticipated high speed would
make it impossible for Warsitz to make a traditional bail-out. In principle, War-
sitz would fire explosive bolts and the cockpit would be separated by compressed
air. The nose would be slowed by its own parachute until it reached a velociry
at which he could jump out and descend on his parachute. But there were
numerous problems with both the separation mechanisms and the cockpit para-
chute, which led to the addition of another 12 cm section behind the cock-
pit for a larger parachute and an inflation mechanism. The whole system
was ultimately of little use, because it could only be activated above 6,000 m
(20,000 ft).#

In late summer and fall 1938, the He 176 V1 underwent its first tow and taxi
tests at Peenemiinde-West.* It is immediately obvious thar the V1 does not live
up to its romantic postwar reconstructions. Most notably, it had an open cock-
pit and fixed landing gear, stop-gap measures likely undertaken by the Heinkel
designers to accelerate the date of the first flight. (A flush canopy was available
for flight tests.) The He 178 V1, the first turbojet aircraft, which was constructed
in the same building, had the same features, reflecting Ernst Heinkel’s desire to
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Fig. 9.7. The He 176 V| at Peenemiinde-West, 1938-39. Courtesy Public Record Office,
Lewden (<o

get that airplanc in the air as soon as possible in order to demonstrate the con-
cept and establish a first. For the He 176, the plan was undoubtedly to have re-
tractable gear and the jettisonable cockpit section on the V2. As for the Vi's
peculiar stance —resting on a tail skid even though it had a nose wheel—the
weight distribution of the tiny craft was so sensitive that when Warsitz climbed

in, he tipped it forward!*

Because the wing design had not permitted retracting the main gear into the
wings, those two wheels were only separated by the width of the fuselage: 8o cm
(31.5"). The effect of this astonishingly small wheeltrack was immediately vis-
ible during the first tow tests behind a powerful car. Mole hills and other im-
perfections on the Peenemiinde-West grass airfield caused the V1 to bang its
wingtips on the ground; eventually bumpers were installed to prevent further
damage. The tow test showed other problems, notably that the rudder was com-
pletely ineffective at low speeds; at some point a jet vane was installed in the
rocket exhaust that activated when the rudder went hard over. Since the tow
tests were not very useful, Warsitz began to make taxi tests with short bursts
from the hydrogen peroxide engine in fall 1938. These revealed propulsion and
stability deficiencies that led to the decision to send the aircraft back to Heinkel
during the winter for modifications, ending hopes that it would fly in 1938.4

In March 1930, the He 176 V1 returned to Peenemiinde. Warsitz soon be-
gan to take short hops of tens of meters but found that the existing runway was



Fig. 9.8, Erich Warsitz (in white protective suit) sits with his face in his hand immediately
after Gen. Ernst Udet forbade further flight tests of the He 176 V1. Third from the [eft
is Ernst Heinkel. Courtesy[ErnstiKarjHeinkel

Fig. 9.9. The only He 176 flight phato discovered so far. Whethar this was a takeoff
during a short hop or an actual flight is unknown, Courtesy Public Record Office
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Fig. 9.10. Warsitz talks to Erhard Milch before or after a flight of the He 176 in
June—July 1939. Courtesy{ErnsttKarl Heinkel

too short for a full takeoff. Peenemiinde-West hurriedly had to build extensions
at either end. In May he was finally ready to give a demonstration to Frnst Udet
and Goring’s number-two man, State Secretary Erhard Milch. As soon as Udet
saw the aircraft, Warsitz asserts, he exclaimed: “Mensch, those aren’t wings, those
are running boards! And you want to fly with that?” And after watching a short
hop with a rather bad landing, Udet forbade Warsitz to fly the He 176 again, say-
ing: “Every successful landing in that thing is a crash that miscarries.” Warsitz
allegedly flew to Berlin soon after and got Udet to lift the prohibition.*?

After more test hops, Warsitz was finally ready on 15 June to make the first
real flight. Accelerating very rapidly, Warsitz hit a new molehill and banged his
aircraft’s left wingtip bumper on the ground, diverting its takeoff roll to the left.
Barely missing the trees, he turned and made a flight down the channel between
the island and the mainland, circling back to the airfield. Warsitz claims that
he exceeded 700 km/h (435 mph), buit this is difhcult to believe given the fixed
landing gear and short flight duration. Fuel and endurance were so short, and
the gliding characteristics of the airplane so doubtful, that he put the He 176
back down afrer only fifty seconds in the air. About 20 and 21 June, he repeated
this hair-raising flight a couple more times, including once for Milch, Udet, and
Heinkel.*

The He 176 flew for the very last time on 3 July 1930. In the hope of win-
ning better industrial priorities for the Luftwaffe, Géring ordered that a dem-
onstration of the latest technology be staged for Hitler at the main test center
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Fig. 9.11. Adolfr Hitler (third from left) witnesses the He 176 demonstration flight near
Rechlin on 3 July 1939. At far left is Gen. Wilhelm Keitel, armed forces chief of staff;
next to him is Field Marshal Hermann Goring, Luftwaffe commander in chief. Courtesy

lFrTs—t*l_(EIIJ"lainkei

of Rechlin. Among other aircraft, the Fithrer saw the not-yet-flown, turbojet-
powered Heinkel He 178 V1. Ernst Heinkel and the engine’s inventor, Hans
von Ohain, provided explanations. The climax of Hitler's visit was a flight of the
He 176 from a field a few kilometers away. After a successful takeoff and quick
circuit, Warsitz narrowly avoided a crash during the landing when the Walter
motor quit at low altitude. He barely restarted it in time. Fortunately, this near
disaster was imperceptible to nonexpert observers; an impressed Hitler ordered
that Warsitz receive a prize of 20,000 marks. Not surprisingly, neither the RLM,
Warsitz, nor Heinkel had any desire to see the V1 fly again. It was too risky, the
attempt at record-breaking speed could only be made with the V2, and it was
time to flight test the He 178.4

END OF THE FIRST ROCKET AIRCRAFT PROGRAM

The end for the He 176 came on 12 September 1939. In reordering priorities
after Germany’s unprovoked attack on Poland and the consequent, somewhat
unexpected outbreak of World War 11, Emnst Udet canceled the rocket plane,
along with numerous other projects. Construction of the V2 through Vg4 air-
frames was abandoned. For unknown reasons, the contract with the army for
the He 176’ turbopump-driven, liquid-oxyegen /alcohol engine continued for
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a few more months. Morcover, the He 112 V4 began flying again as a testhed
for a similar engine in summer-fall 1939. Nonetheless, the interservice rocket-
aircraft program was effectively dead. That was confirmed on 18 June 1940,
when the He 112 V4 crashed at Peenemiinde during its twenty-fifth flight with
the redesigned engine. Another tail fire had severed the control linkages; the
airplane dove into the ground, killing the pilot. Eventually the last vestige of
Heinkel's rocket-aircraft work, the He 176 V1, was crated and sent to the Berlin
Air Museum, where it was destroyed in an air raid in 1043 or 1944.%

Yet even before the He 176 and interservice programs, a transition to a sec-
ond rocket-aircraft program was already underway. The RLM, and Udet in par-
ticular, were skeptical of not only the He 176’s safety but also its usefulness.
Ernst Heinkel and his designers, supported by Erich Warsitz, had tried to create
an experimental record-breaking aircraft, the Luftwaffe’s interest in a rocket in-
terceptor notwithstanding. Heinkel's quest for fame and firsts had not been his
sole motivation; he was also obsessed with protecting what was left of his auton-
omy against a ministry that had a monopoly on all domestic aircraft purchases,
civil and military. Heinkel's decision to proceed with an aircraft that was so
narrowly specialized—and so questionably designed —contributed, however,
to a growing rift with the Air Ministry that would trouble him to the end of
the Third Reich. Since no documents are available, it is impossible to pin down
when the RLM began to disagree with Heinkel over the He 176's military im-
practicality, but Warsitz recalls that arguments with RLM officials caused weeks
of delay. Warsitz also claims that he had to fight an order in mid-1938 not to fly
the aircraft because it was unsafe. By the end of that year, the ministry had cre-
ated a second rocket interceptor program at Messerschmitt.!

That program, which led to the Me 163 Komet, had its origin in fall 1937,
when two members of the Research Division approached Alexander Lippisch, a
well-known designer of unorthodox delta-wing gliders. They asked him to build
an aitcraft for a new, secret propulsion system, which Lippisch guessed immedi-
ately because he had put solid-fuel rockets on gliders during the late Weimar
spaceflight fad. Sometime in 1938, Lippisch traveled to Rostock to discuss his
project with Heinkel, the only airframe company with explicit knowledge of
the rocket-aircraft program. It also possessed the special secure building for the
project. As Lippisch later recalls, the meeting did not go well, because he felt
that Heinkel's designers viewed him as a rival. Based in south-central Germany,
Lippisch could also see potential coordination problems because of distance and
different design philosophies. He had good relations with the Messerschmitt
company in Bavaria, and Hans Antz, who took over responsibility in the RLM
for high-speed airframes in October 1938, felt that creating a second, compet-
ing “special aircraft” group would be a good idea. Moreover, Messerschmitt had
single-seater expertise. While Antz was not hostile to Heinkel, he saw that the
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He 176 was purcly experimental and would not lead directly to a rocket inter-
ceptor. On 2 Janvary 1930, through Air Ministry mediation, Lippisch’s group
became “Department L” at the Messerschmitt factory in Augsburg.’? .

Only after the unhappy end of Heinkel's involvement in rocket aircraft in
1939~ 40 did the Lippisch/Messerschmitt group become the Lufewaffe project
in this area. But in the meantime, the rocket interceptor concept had irself been
somewhat eclipsed by a profound transformation in aircraft reaction propulsion:
the “turhojet revolution.” Knowing of Ernst Heinkel's fascination with speed,
Hans von Ohain contacted him in March 1936 through his doctoral adviser in
order to receive support for his turhajer idea. Heinkel brought him 1o Rostock-
Marienehe and begun funding his experiments privately, not telling the RLM.
Von Ohain, for his part, only had vague intimations of the rocket work golng
on simultanecusly at the plant. After he successfully demonstrated his firse
primitive, bench-model turbojet in spring 1937, Ernst Heinkel and his design-
ers saw that they indeed had a potentially revolutionary propulsion system in
their hands. But to receive priorities for materials in the tightly regulated Nazi
economy, Heinkel revealed the project to the RLM no later than December.
In spring 1938, when Uvo Pauls lefe Berlin to take over Peenemiinde-West, he
was replaced as desk officer of “Special Engines” by an energetic, highly trained
young engineer, Hans Mauch. Mauch in tuen atrracted another well-trained en-
gineer, Helmut Schelp from the Research Division, to assist him. The two im-
mediately grasped the importance of the turhojet and ser out to interest aero-
engine manufacturers in the rechnology.

I will not repeat the details of the “rurbojet revolution” in Germany here,
Suffice it to say that the RLM in the person of Mauch, Schelp, and their ally in
airframes, Antz, did not neglect turbojet technology, as Ernst Heinkel asserced
after the war. Quire the opposite, in fact, but the RLM officials were skeptical
of his airframe company’s ability to mass produce engines — something Heinkel
naturally resented. They may also have been irritated by his independent streak.
Afier some effort, Mauch and Schelp managed to interest Junkers, BMW, and
other companices in starting turbojet programs, while Antz encouraged Messer-
schmitr to begin a jet fighter design in addition to its rocker plane work. Bur they
certainly had no intention of discouraging Heinkel—and on 27 August 1936,
five days before the German assault on Poland, Warsitz flew the He 178 V1. Two
weeks later, when Uder canceled the He 176 and many other projects, his com-
ment on the He 178 was: “Work on single-seaters wich turbojet engines must be
pushed forward witl: all speed, so thar an operational aircraft can be created as
soon as possible.” Notwithstanding Heinkel's larer assertions that Udet and his
subordinates took lirtle interest in the He 178, jets clearly had high priority
from the Luftwaffe from the beginning of the war.
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CONCLUSIONS

Why was the German Air Ministry so open to the rurbojet idea in 1938-30,
just as it was to the rocket in 19357 In both cases, personalities played impor-

tant roles—in 1935, von Richthofen, in 193830, Mauch, Schelp, and Ant.
Throughout the period one can also see the influence of general factors: no-
tably, the absence of an entrenched establishment in the Luftwaffe, the high
level of scientific and engineering competence in the German acronaurical com-
munity, and the technological and ideological enthusiasm of engineers, indus-
trialists, and officers who wished to make [itlers Reich guickly superior to the
other powers.

Yet there is little doube that the Luftwaffe’s first foray into reaction-propul-
sion technology also laid the groundwork for the second. When Mauch, Schelp,
and Antz came into their positions in 1938, the Air Ministry already had a con-
siderably investment in thar technology, in small part through Paul Schmidts
ongoing pulsejet research and Eugen Singer's rocket institure, but above all
through the rocket-aircraft and takeoff-assist programs increasingly dominated
by Helimuth Waiter's technelogy. No other air force in the world had so much
experience with, and interest in, rocketty and other forms of reaction propul-
sion. The only partial exception was the Soviet air force, bur Stalin's purges de-
railed the USSR rocker programs in 1938. In Britain and the United States,
advocates of rocket and turbojet propulsion only began to get support from the
services around that time.?

If the history of the Luftwaffe’s quest for high-speed flight by rocket plane
sheds light on the origins of the "turhojet revolution” in Germany, it alsa illu-
minates the relations between aircraft manufacturers and the Air Ministry.
Heinkel’s desire to protect his independence as a designer and industrialist
clashed with the RLM's desire for tatal contrel over all German aviation, mili-
tary and civilian. While the so-called National Socialist regime was largely capi-
talist in its economic base, the Nazis did not hesitate to nationalize frms or cre-
ate new government-owned firms if private capital was not amenable to their
aggressive aims, In the case of the aircraft industry, Hitler's regime made a fright-
ening example of Hugo Junkers in 1933, when he was put under house arrest
and forced to relinquish ownership of his firms because of his democratic and
pacifist views. He died a broken man two years later. Emst Heinkel, whose pali-
tics were certainly more congenial to the Nazis, must nevertheless have heen
mindful of that ultimate threat. Yer, as the He 176 and turbojet/He 178 pro-
grams show, he did try to retain as much technical and managerial control aver
them as was feasible—in the fortmer case, designing the airplane for record-
breaking speed rather than military use, in the latter case, attempting to finance
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the radical new engine technology alone. This strategy added to RLM’s grow-
ing irritation with him after 1938, which in turn contributed to his ultimate loss
of the contracts for operational rocket and jet fightets to Willi Messerschmitt.

Finally, the history of the first German rocket-aircraft program illuminates
the origins of many myths about the Luftwaffe’s pioneering efforts, notably those
that derive from Heinkel's memoirs. He was understandably bitter about the
RLM favoring Messerschmitt, although he had pioneered both technologies.
He was further embittered abour his fight with the Ministry over the right to
mass produce jet engines after 1939; although it evenrually allowed him to buy
the Stuttgart acro-engine firm of Hirth, none of his engine types got beyond the
development stage. During the war, there were recriminations about the failure
of the He 177 heavy bomber project as well. As a result, Heinkel unconsciously
rewrote the history of the early years of rocket and jet aircraft to minimize the
competence and significance of the Air Ministry. In fact, he eliminated the
RLM from the origins of rocket aircraft altogether, even though it had been
the driving force from the outset, and he cited Udet’s dismissive comments about
the He 176 V1 as evidence for the Ministry’s continuing short-sightedness. As
for the turbojet, after 1945 he labeled the RLM as bumbling and slow, and his
views fit well with those of others, like Gen. Adolf Galland, who claimed that
the Ministry and Hitler were responsible for jet aircraft allegedly appearing “too
late” to alter the course of the war.’® Although there is no doubt that the RLM's
Technical Office slowly became dysfunctional after Udet took over in 1936, the
reality behind these myths is an important lesson for aerospace historians, who
have too often accepted memoirs and interviews uncritically, while neglecting
primary research.

Despite the justified questions about Heinkel's book, and about his com-
mitted service to an evil regime, there is no doubt that his imagination and
energy contributed much to the achievement of the two historic firsts by the
He 176 and 178. Along with Hans von Ohain, Helmuth Walther, Wernher von
Braun, and many others, Heinkel played a critical role in ushering in a new era
of aeropropulsion and high-speed flight. Of that place in history, at least, he can-
not be deprived.
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CHAPTER 10

Revolutionary Innovation and
the Invisible Infrastructure

Making Royal Air Force Bomber Command Efficient, 193945

RoBin Hicnanm

y the mid-1930s aviation had advanced to the point that many devel-

opments coalesced to create not only the visible signs that aviation had

reached a real takeoff point but also the environment for success, These

developmenis were not merely the visible progress in aerodynamics, en-
gines, fuels, reliability, and economy of operation for the airlines and of range
and firepower for air forces, but in the hidden infrastructure, from metallurgy o
testing to operational support, _

Progress to the mid- 19305 could be seen in the use of ail-metal construction,
itself made really feasible by the development of the aluminum alloy Szo024 and
flush riveting, by the RAF's testing of engines to raise reliability from the mea-
ger 2 hours and 44 minutes of 1918 to some 1,700 hours by 1929, by the devel-
opment of rated fuels and cast-block engines, by the appearance of rhe variabje.
pitch and constant-speed propellers, by retractable undercarriages, hydraulic
brakes, flaps, and other ancillary systems, as well as by the training of ficcers and.
riggers (mechanics) as welf as pilots in rigorous schools, to mention but some of
the important evidence.

But it was really the failure in 1934 of the disarmament talks, followed by
reartmament and then war, that cur the purse strings and allowed air force inne.
vation to flourish. This other side of the visible progress and revolutions thar
took place between 19 34 and 1945 has been neglected because it has been taken
for granted or overlooked. None of the revolutionary rate of innovation in this
critical decade could have been possible without the invisible infeastrecture that
enabled innovation to be converred into functional reality. The invisible infra-
structure itself was an offspring of the quiet progress of the 1918-14 period., as



