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This New Fire

THE SUN SHONE BRIGHTLY on the British Empire in late

June of 1897, as fully half the ships of the Royal Navy lay

in five vast rows off the Isle of Wight. The occasion was

the Queen's Diamond Jubilee, celebrating Victoria's sixty

years upon the throne. One hundred sixty-five vessels lay

at anchor, decorated brilliantly with new paint and color-

ful flags. No mightier battle fleet had ever gathered in a

single place.

For days people had been pouring into Portsmouth.

Even the meanest garrets had been rented, and visitors

were sleeping on chairs and billiard tables. On this morn-

ing, June 26, trains for day-trippers were running south-

bound from Waterloo Station every five minutes. From

rooftops and beaches alike, every vantage point had its

crowds. Victoria herself, aged seventy-nine, was spending

the day quietly at Windsor, but the Prince of Wales, Albert

Edward, would review the fleet from the deck of the royal

yacht. The coming dusk would see a further display, for

every warship was to outline its hull and upper works with

hundreds of electric lights, forming what the Daily Mail

would describe as "a fairy fleet festooned with chains of

gold." With these lamps still ablaze, the guns of these ships

would climax the night with the roar of a salute.
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Off to the side, other craft carried spectators. Among them was one

of modest size, a hundred feet long and nine feet in the beam. As the

Prince made his appearance and bands were striking up "God Save the

Queen," the boat's builder, Charles Parsons, gave an order. Swiftly

reaching full speed, it shot out into the channel and raced down the line

of review, bow out of the water, smokestack flaming and wake aboil.

Picket boats tried futilely to head Parsons off, for he was making nearly

thirty-five knots, faster than any vessel then afloat.

What the Times called his "mad dash of Nelsonic impertinence"

took place in full view of a profusion of harrumphing dignitaries. These

included the lords of the Admiralty aboard their yacht Enchantress,

rulers of British dominions on the Wildfire, foreign ambassadors on the

Eldorado, and most of Commons and Lords aboard two other vessels.

Yet no one took action against him, for he was a member of Britain's

nobility. Parsons's craft was named Turbinia. With it, the marine tur-

bine stood at hand.

Parsons was the son of the earl of Rosse, heir to a line that had

lived in Ireland's Birr Castle since 1621. The earl was a leader in British

science, serving for five years as president of the Royal Society. He

passed his interests on to Charles, who disdained the life of grouse

shooting and political dabbling that might have been his. Instead he

chose a technical career and made his name by inventing the steam

turbine.

Parsons went on to apply it in generating electric power, with great

success. He then turned his attention to the propulsion of ships. But when

he approached the Admiralty, he found no interest there. The Royal

Navy's leaders were set in their ways, as could only be expected in a

fleet that had not seen a general action since Trafalgar. He responded

with his demonstration of the Turbinia at the Diamond Jubilee.

Even this made little impression. In the words of the historian

Robert Massie, "Most considered this a tasteless spectacle rather than a

vision of the future." The Admiralty nevertheless unbent enough to

order two turbine-powered destroyers, HMS Viper and Cobra. In 1900,

Viper made a run of better than thirty-seven knots.

Parsons went on to win a supporter in Sir John Fisher, a leading

naval reformer. Fisher soon saw the turbine as essential to a sweeping

program of change that he was eager to pursue. He found his chance in

1904, when he took the post of First Sea Lord. As he put it, he would

proceed by "concentrating our strength into ships of undoubted fight-

ing value, ruthlessly discarding those that have become obsolete."
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Key to his plans would be a new type of battleship, combining

great speed with the largest possible number of heavy guns. The first of

the type, HMS Dreadnought, went to sea in 1906. It introduced the

turbine to the naval line of battle, and with its speed of twenty-one

knots, it set the pace for a new generation of warships.

The Cunard Line then introduced the turbine to the world of pas-

senger vessels, with the Carmania, Lusitania, and Mauretania. The lat-

ter two proved to offer an unparalleled combination of size and speed.

On her maiden voyage in 1907 the Lusitania set a transatlantic speed

record of nearly twenty-six knots, winning the Blue Riband, symbol of

speed over that route. The Mauretania then won the Riband in her own

right, and for several years this prize amounted to an intership trophy

for Cunard's crack liners. No other ships were in the running.

These developments were part of a broader efflorescence in engines

and their uses. As recently as 1890 the reciprocating steam engine had

reigned supreme. Two decades later the turbine was the state of the art.

Internal combustion engines were also in use, powering automobiles.

Germany's Rudolf Diesel had meanwhile built yet another type of mo-

tor. What might happen, then, if one were to try to build a turbine that

would take its power not from steam but from internal combustion?

That would offer yet another new type of engine, which might become

as important as the others.

Such an engine would be a gas turbine. Like Parsons's steam-driven

version, it would rely on a powerful flow of high-pressure gas to spin

the turbine and produce power. In Parsons's engine that gas was steam,

which could readily reach high pressure in a boiler. But a gas turbine

would work with air heated by the burning of fuel.

The pertinent engineering principles demanded that this air should

first undergo compression, reaching the highest possible pressure. Fuel,

burned at this high pressure, then would add energy to this air. The

combination of a compressor and combustor would produce the needed

flow of high-pressure gas. What was more, as this flow of gas spun the

turbine, the turbine could deliver power to run the compressor. As with

any engine, the gas turbine then would run continuously as long as it

had fuel.

Here, in essence, was the basic concept of a turbojet. The main

difference was that the gas turbine was to provide power to turn a shaft.

By contrast, the turbojet would produce thrust. Still, these two applica-

tions would rely on a common arrangement of machinery. If gas turbines

would work well, then turbojets would be right around the corner.
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General layouts of gas turbine and turbojet. Their close similarity is evident.

(Art by Don Dixon and Chris Butler)

Unfortunately, they didn't. It proved quite possible to assemble the

compressors, but they operated with very poor effectiveness. The up-

shot was that even after considerable experimentation, the builders of

early gas turbines had to use most of their generated power to run those

compressors. This led to very high fuel consumption--when these en-

gines worked at all. A number of inventors came to know this problem

intimately through hard experience.

Perhaps the foremost among them was Sanford Moss. Moss learned

his engineering through hands-on involvement, first as a machinist's

apprentice and then as a draftsman. He then entered the University
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California at Berkeley, where state-funded support offered fine educa-

tion for minimal tuition. Winning a master's degree, he set forth a

design for a gas turbine. Then in 1901, working on his Ph.D. at Cornell

University, he set out to build his invention.

The combustor represented an early focus for his effort. It took a

year of hard effort just to get one that worked properly. As he later

recalled, this chamber "frequently went out and oil on the red-hot

firebrick filled the neighborhood with dense black smoke, so people

well knew of the gas-turbine research."

His work drew attention at General Electric, where he went on to

build a true gas turbine. He had it operating by 1907, but he could

anticipate a fuel economy about four times worse than that of a good

piston engine. Yet his work was among the best. A French gas turbine

of that same year gave a fuel economy that was equally bad. "Before the

reader is cruel enough to laugh at this result," he continued, "let him

put himself in the place of lots of us gas-turbine inventors who have

sweated blood through years of research only to come out this way or

worse."1

Yet as the promise of a successful gas turbine glimmered and died,

several of its basic features gained new life in a different invention, the

turbocharger. Its purpose was to compress the air that would go into a

piston engine to boost its power, enabling it to maintain that power at

high altitudes. It placed a turbine in the hot engine exhaust, which had

plenty of energy. With this turbine driving the compressor, a turbo-

charger amounted to a gas turbine that received its driving flow of hot

gas for free. It didn't matter then if the compressor offered poor effi-

ciency. Those hot exhaust gases carried so much power that the system

could work with considerable effectiveness.

In 1916 a French inventor, Auguste R‚teau, designed the first tur-

bocharger for use with aircraft. He expected it would offer better per-

formance for fighters at high altitude. His work crossed the Atlantic as

an inter-Allied exchange and fell into the hands of General Electric's

Sanford Moss, who proceeded to build his own versions.

Moss's turbochargers had plenty of capability and showed this in a

series of spectacular flights. The Army had an engine laboratory at

Dayton, Ohio, where altitude records were a specialty. The test aircraft

was only a small biplane, but it had a turbocharged Liberty engine along

with an oxygen supply for the pilot.

In February 1920, using the new equipment, Major Rudolph

Schroeder reached a peak of 33,130 feet, higher than Mt. Everest, when
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In a turbocharger, exhaust gases from the piston engine drive the turbine.

The turbine drives a supercharger, which acts as an air compressor, delivering

additional air to run the engine. (Art by Don Dixon and Chris Butler)

his oxygen failed. He blacked out and his plane fell off in a power dive.

But the denser air revived him as he approached the ground, and he

landed safely. A year later, with better equipment, his colleague Lieuten-

ant John Macready reached 40,800 feet. No ordinary Liberty motor

could have achieved such heights. The turbocharger pumped the rare-

fied air to higher pressure, and this made the difference.

Even with such successes the turbocharger failed to take the world

of aviation by storm. For serious use it would have to perform well day

after day, and it lacked the necessary reliability. The problem lay in the

poor heat resistance of the turbine, which had to face temperatures as

hot as a flame. It had blades of fine steel, but these had to stand up to

enormous strain, because the turbine whirled very rapidly. The blades

therefore tended to lose strength, a fatal flaw. The loss of even a single

blade would bring unbalanced loads that could destroy the rest of the
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turbine in less than a second, with other blades flying off at bulletlike

speeds.

Even so, the early turbochargers were good enough for at least

limited use. They did not become standard equipment on the Army's

fighters or bombers, but they remained a topic for active research. This

was immensely significant, for by this means the turbocharger devel-

oped a community of supporters who would go on to play key roles in

building some of the first turbojets. Sanford Moss was one of the lead-

ers, while his firm of General Electric would parlay its turbocharger

experience into leadership in this newer field.

The problems of the turbocharger and the turbojet were nearly the

same. Both needed metals that could resist the high temperatures in the

turbine. Such metals would make the turbocharger reliable, able to play

a real role in boosting the performance of operational aircraft. There

also was interest in building compressors of greater effectiveness. In

turn, such compressors would find use in the turbojet as well.

It is a matter of record that no American invented the turbojet, and

the reason is that in this country, few people thought we would need it.

Research on turbochargers scored key successes prior to World War II,

allowing them to reach operational use. There was every reason to

believe that turbochargers, working with piston engines of standard

design, would give our Air Force an unassailable advantage.

General George Kenney, who would go on to command Douglas

MacArthur's air arm in the Pacific, described their advantages as early

as March 1942. "America is producing the best military planes in the

world today," he boasted. "At high altitudes the Lockheed P-38 and the

Republic P-47 can lick anything. There are only two honest 400-mile-

per-hour planes in the world, and we've got both of them. There are

only two heavy bombers that can operate above 30,000 feet: the Boeing

B-17 and the Consolidated B-24." He took particular note of the B-17:

"Its new turbocharger attached to the engine has made it a superior

high-altitude plane, carrying a heavy bomb load at 34,000 feet."2

There was nothing like it in either Britain or Germany. Yet as

matters would develop, that would come uncomfortably close to being

America's misfortune. Germany, pressed by wartime urgency and need-

ing to find its own path to high performance, would leap past the piston

engine and would independently invent the turbojet.

The pursuit of the turbojet demanded a second look at gas tur-

bines, even though leading experts had long since given up on them. It

was true that they still would waste much of their fuel. But in aviation,
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this might not matter. It would be quite sufficient if such an engine

could achieve light weight while offering high thrust, for then it could

power a high-performance fighter plane. In turn, the task of inventing

this engine fell to young people who viewed the problems of gas tur-

bines as personal challenges and were too inexperienced to know what

couldn't be done. Two of them stand out, both graduate students:

Germany's Hans von Ohain and Britain's Frank Whittle.

In Germany, the University of Gˆttingen had flourished for over a

century as one of those centers of learning that marked Europe's cities

like the cathedrals of old. The town was older still, with heavy-timbered

houses and steeply gabled roofs that had seen little change since the time

of Martin Luther.

Along one of its cobblestoned streets stood an auto garage, where

Ohain often took his car for service. Ohain had received a fine upper-

class education, with a strong emphasis on Latin and Greek. Yet he was

no man for an ivory tower; he was glad to make friends where he found

them and formed a friendship with the chief mechanic at the garage,

Max Hahn. Together, Hahn and Ohain would build the world's first

turbojet.

Ohain was studying physics at the university with a professor and

mentor, Robert Pohl, who had a strong interest in aviation. Pohl passed

on this interest to Ohain, who drew further encouragement from two

ongoing developments.

The first was unfolding right there in Gˆttingen, which was home

to the Aerodynamics Research Institute, the country's leading center in

this field. Two of its scientists, Albert Betz and W. Encke, were working

to reinvent the compressor for a gas turbine. They had pursued this for

several years and had achieved important results, spurring hope that

such engines indeed could see use.

A second development lay in the Schneider Cup aircraft races.

Founded by a French munitions maker, Jacques Schneider, these races

were seaplane competitions in which engines had to hold together only

long enough to set records. In just ten years, from 1921 to 1931, those

records had zoomed from 205 to 407 mph. Then in 1934, a group of

Italians came forth with a particularly advanced racer. It featured two

twelve-cylinder engines set back to back, and it reached 440 mph. To

Ohain, this achievement brought visions of a day when aircraft might

cruise routinely at such speeds.

Ohain decided to try to invent the engine that could allow them to

do it. He was well aware of the work of Betz and Encke; indeed, his
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conversations with them helped him to develop his ideas. He laid out a

design for a gas turbine that would work as a turbojet, then arranged

for his friend Max Hahn to build it. Soon it was ready for test.

"The experimental outcome was very disappointing for me,"

Ohain later wrote. "Self-sustaining operation could not be achieved."

The fuel, gasoline, did not burn within the combustion chamber but

rather within the turbine; "long yellow flames leaked out of the turbine,

and the apparatus resembled more a flamethrower." Still, Hahn found

reason to hope. An auxiliary motor set the engine spinning, and al-

though the turbojet could not be made to run, "the drive motor was

greatly unloaded and the flames came out at the right place with seem-

ingly great speed."3

This work had no relation to Ohain's doctoral dissertation, but

Professor Pohl continued to show his interest and support. By 1936

Ohain had gone as far as he could on his own, but he had convinced

Pohl that jet propulsion had a great future. Pohl now suggested that

Ohain should seek support from industry and offered to write a letter to

recommend him to the company of his choice. Ohain asked him to

approach the planebuilder Ernst Heinkel, widely known for his strong

interest in high-performance aircraft. Pohl knew Heinkel personally and

sent off the letter.

Heinkel was already pursuing a closely similar venture, the devel-

opment of rocket-powered aircraft. He had recently met the rocket

expert Wernher von Braun and was helping him with his work. Heinkel

invited Ohain to his home near the Baltic seacoast and found him to be

"a very likeable young man, scarcely twenty-four years old, a brilliant

scientist obviously filled with a burning faith in his idea." Heinkel hired

Ohain, bringing in Max Hahn as a bonus.

Very quickly, Ohain found new support for his ideas as he fell

under the tutelage of Siegfried Guenter, a leading designer in Heinkel's

company. Guenter gave him the latest estimates of the speeds and alti-

tudes predicted for future aircraft if they could fly with engines superior

to the conventional piston motor. Ohain already knew that his turbojet

would find its greatest usefulness in pursuing such performance. It was

as if Guenter had a cart and Ohain had a horse. Soon they were working

closely together.

Ohain's main problem lay in causing the fuel to mix and burn

rapidly enough to produce useful amounts of thrust, even if the fuel

economy would be poor. Chastened by the disappointing results of his

earlier try, he decided to use hydrogen as a fuel, knowing it would mix
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readily with air and burn with particular ease. This would allow him to

get an engine up and running quickly. At the same time, he would

pursue a separate effort aimed at developing a suitable gasoline combus-

tor.

The hydrogen engine made its first successful ground test early in

March 1937, delivering 550 pounds of thrust. "Hahn jubilantly called

me up about one o'clock that morning," Heinkel wrote in his memoirs.

"The unit had functioned for the first time. A quarter of an hour later I

heard with my own ears that remarkable howling and whistling noise

which made the whole workshop shudder." Ohain would add that "the

psychological effect was enormous. Heinkel and his engineers suddenly

believed firmly in the feasibility of turbojet propulsion."

Two years later, following an all-out attack on the combustion

problem, he built a gasoline-powered version that gave eleven hundred

pounds of thrust. Heinkel then authorized construction of an experi-

mental aircraft that would fly under its power, as the world's first jet

plane. It would have the designation He 178.

Heinkel showed his personal interest in this project by putting its

design in the hands of some of his best engineers. It was small enough to

fit into a couple of parking spaces, with a length of twenty-four feet and

wingspan of twenty-three. The wings were of plywood. The engine

nestled midway down the fuselage, connected to the outside world by

way of long intake and exhaust ducts.

All was in readiness at dawn on August 27, five days before the

Wehrmacht struck at Poland. The plane would fly at Heinkel's com-

pany airfield at Marienehe, near Rostock. The test pilot was Erich

Warsitz, who had made his name by flying the experimental rocket-

powered aircraft. As Heinkel would recall:

The plane was brought to the starting point and Warsitz climbed

in. I grasped his hand and wished him "Happy landing." He

started the turbine. The plane took off and rapidly climbed to

2,000 feet.

But something was wrong with the undercarriage. Warsitz

did everything he could to retract it; then he gave up and flew

with it at 1,500 feet in a wide circle around the field. With or

without undercarriage, he was flying. He was flying! A new era

had begun. The hideous wail of the engine was music to our ears.

He circled again, smoothly and gracefully. The riggers began to

wave like madmen. Warsitz had now been three minutes in the
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air, but it seemed like an eternity. Calmly he flew around once

more, and when six minutes were up he started to land. He cut

out the jet unit, then misjudged his approach and had to sideslip.

Sideslip with a new, dangerous, and tricky plane!

We held our breath, but the He 178 landed perfectly.4

Just what, concretely, had Ohain accomplished? He indeed had

attained his goal of building a turbojet as a lightweight gas turbine. It

certainly was fuel hungry; its fuel economy was five times worse than

that of America's best contemporary piston engines. From that stand-

point, Ohain had done little more than to reinvent Sanford Moss's gas

turbine of 1907. But Ohain's engine was light in weight, because he had

built it of sheet metal. Already it could put out more power than any

piston engine of the same weight, even though piston motors held the

benefit of decades of development. With the turbojet still in its infancy,

this offered vast promise for the future. It meant that this new engine

could grow to give much higher thrust without becoming too heavy.

In addition, several other inventors were stirring the pot. At

Junkers Aircraft in Magdeburg, an entirely separate effort also aimed at

building a turbojet. Its leader, Herbert Wagner, was one of Germany's

top aeronautical designers. An assistant, Max Mueller, had built a test

engine that carried some advanced technical features. In fact it was a

little too advanced, for they had not been able to get it to run under its

own power. Even so, this effort meant that there now were other people

who knew the problems.

A somewhat more successful effort, based in Munich, focused on

the pulsejet, an engine that operated on a different set of physical prin-

ciples. In time it would power the wartime V-I cruise missile, which

struck repeatedly at London. In Kiel a third project was under way.,

Helmut Walther, a rocket builder, was developing an engine that would

power a high-performance fighter.

Heinkel had been pursuing his jet-propulsion efforts using com-

pany funds. But work on the pulsejet and the Walther engine was being

promoted by money from the Luftwaffe, and for Heinkel to go further,

he would need support from the same source. The Luftwaffe operated

out of central offices in Berlin, at the Aviation Ministry. Amid its corri-

dors were bureaus that could authorize development of entirely new

designs.

Two junior managers already were pursuing such designs: Helmut

Schelp, who was responsible for the pulsejet, and Hans Mauch, who
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was working with Walther. Mauch took over his post in April 1938. He

soon learned that Walther had broadened his activities and was invent-

ing yet another engine. He then learned about HeinkePs jet-engine work

and visited his plant for a look. Intrigued by the range of possibilities,

he issued an invitation for any other such inventors to make themselves

known. This brought Herbert Wagner of Junkers for a visit.

Schelp, for his part, had come to the ministry after gaining an

unusually broad aeronautical education. High-speed flight held his par-

ticular interest. In August 1938 he met Mauch, who was soon regaling

him with tales of jet-engine possibilities that were even broader than he

had supposed. Schelp also learned that Betz and Encke, working in

Gˆttingen, had succeeded in building a compressor capable of particu-

larly good performance. This meant that the means were already at

hand to build a better jet engine. Mauch and Schelp then set out to

launch a program aimed at doing just that.

By themselves they could do little, for they were too junior. Nor

did it help that Mauch was on the outs with his boss, Wolfram Eisen-

lohr, the head of power-plant development. But Eisenlohr reported to

Brigadier General Ernst Udet, the head of the Technical Office, and

Mauch knew him personally. Udet had come up as a fighter officer and

had no technical background, having won preferment largely by being

a good Nazi. But he tended to support far-reaching developments. He

personally gave Mauch authority to proceed.

The principal engine that would emerge from the initial studies was

the Jumo 004, a product of the Junkers engine division. Its designer,

Anselm Franz, was only too familiar with the turbojet that Wagner and

Mueller had struggled to build within that company. He had seen this

engine under test and knew that it could not run under its own power.

But he saw that the new 004, by starting afresh, could overcome its

problems. Indeed, the Jumo 004 would emerge as the only German

turbojet to see service in combat.

Within the Luftwaffe, Mauch and his colleagues were also looking

ahead to the high-speed fighters that would fly with such engines. Schelp

had a friend, Hans Antz, who shared his broad technical background

and who also worked in the Technical Office. Antz wanted to build

such aircraft. He particularly wanted to work with the firm of Messer-

schmitt, in Augsburg, which was widely known for its fighter planes.

He approached the company's chief of development, Robert Lusser,

and invited him to carry out preliminary studies. Soon afterwards, Antz

calmly presented that firm with a formal order for a specific design. It
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was to have a one-hour endurance at 850 kilometers per hour, or 528

mph--nearly 100 mph faster than the Italian speed record of only four

years earlier.

The aircraft that resulted, the Me 262, took shape under the strong

hand of Woldemar Voigt, head of the preliminary design department.

Germany had no wind tunnel that could offer useful data. Still, engi-

neers were accustomed to designing new fighters without such data,

relying on experience and slide-rule calculations. Then, through the

good old technique of cut-and-try, problems that showed up during

flight test would be solved by changing the blueprints.

The design of the Me 262 emerged during 1939. It had a sleek and

well-streamlined appearance. It also had the highly practical feature of

using two engines, mounted in pods attached to the wings' underside.

This meant the 262 could accommodate jet engines of the future and

take advantage of their increasing power.

Meanwhile, Ernst Heinkel was advancing beyond his early experi-

ments and was becoming a major player. He was well acquainted with

General Udet; when the He 178 flew under jet power for the first time,

he had immediately telephoned the general so that he would be first to

hear the news. During 1939 Heinkel received his Luftwaffe funding and

set out single-handedly to build his own jet-powered air force.

He gave free rein to Hans von Ohain, who soon had even newer

engine designs. He also brought in Max Mueller of Junkers, whose

advanced engine still wasn't running, and gave that project a new lease

on life. Robert Lusser left Messerschmitt to join him and launched work

on another twin-engine fighter, the He 280. Meanwhile, General Udet

was sponsoring still another jet-engine effort at the firm of BMW in

Spandau.

The war had barely begun; the Battle of Britain still lay months in

the future. Three years would pass before the Nazis would reach the

limit of their conquests. Yet by the end of 1939 a total of six active

programs were under way in this new field of jet propulsion. In no way

would the Luftwaffe put its seal of approval on one quickie design.

General Udet wanted competition, and he wanted a broad menu of

possibilities.

At that point Germany had four substantial engine programs: the

Jumo 004 of Junkers, the new effort at BMW, and the independent

projects of Ohain and of Mueller at Heinkel's firm. Two fighter designs

were also in prospect: the Messerschmitt Me 262 and Heinkel He 280.

Either of them stood to outfly anything then in the air.
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Three-view engineering drawing of Germany's Me 262 fighter in the version

that entered wartime operational service. (National Air & Space Museum)
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And what were the Allies doing? The British had their own pro-

gram, but they were lagging behind Germany and were not aiming at

anything so advanced as the Me 262. The Americans were even further

behind. Indeed, for several years they would be little more than apt

pupils of the British. Further, the fact that the Allies had any sort of

well-focused effort was largely due to a single man, Frank Whittle of the

Royal Air Force.

Whittle's father had been a workingman in Coventry, starting in a

cotton mill at age eleven. During World War I he succeeded in purchas-

ing a small engine-parts shop, where the young Whittle would work

with a lathe and other tools. There was little reason to think that the

boy would do better than his dad. But when he turned eleven, in 1918,

he won a scholarship that permitted him to attend the local high school.

He spent much of his time reading in the town library. Then in 1923 he

squeezed through the physical exam and joined the RAF.

Still a teenager, Whittle was posted to a training school and began

to prepare for a career as an aircraft mechanic. Seeking more than his

routine studies, he took an active role in the school's model aircraft

club; during his last year he headed up a group of fellow apprentices

who built an engine-powered airplane with a ten-foot wingspan. This

caught the attention of his commanding officer and helped him to stand

high in the class rank at graduation--one of five young men, in a class

of six hundred, who would go on to officers' school to train as pilots.

His flight school featured a two-year course. The start of his sec-

ond year coincided with the 1927 Schneider Cup race, which the British

won. This set him to thinking about high-speed flight. It was the custom

that during each of the four semesters every student would write a term

paper. Whittle's first three had dealt with chemicals and explosives, but

for his fourth he chose the topic of future developments in aircraft

design.

At that time the RAF's fighters could barely reach 150 mph. Whittle

nevertheless let his imagination run free as he looked ahead to flight

in the stratosphere at 500 mph. He ruled out the use of pistons and

propellers, but wrote that a rocket might prove useful or, alternatively,

a gas turbine might drive a propeller. His paper was no more than a

student's essay, but it introduced him to issues that would lead him to

the turbojet.

Then in 1929, while training to become a flight instructor, his

thoughts took more definite form. "I was back to the gas turbine," he
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later wrote, "but this time of a type which produced a propelling jet

instead of driving a propeller. Once this idea had taken shape, it seemed

rather odd that I had taken so long to arrive at a concept which had

become very obvious and of extraordinary simplicity. My calculations

satisfied me that it was far superior to my earlier proposals."

Whittle proceeded to turn his attention to compressors. Early ver-

sions were available, but they lacked the performance he wanted. He

nevertheless argued that such performance was achievable, making his

case in a paper that appeared in 1931, in the Journal of the Royal

Aeronautical Society. The paper won him few converts, but it gave him

a solid introduction to compressors.

Supercharger of the general type studied by Whittle. It rotates rapidly within a

tightly fitted housing, with compressed air flowing outward from the periphery.

Similar installations served in turbochargers. In Whittle's jet engines they

served as the compressors. (Art by Don Dixon and Chris Butler)
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He now chose engineering as his military specialty and went on to

complete a standard two-year course in only eighteen months. He then

sought and received a particular boon: admission to Cambridge Univer-

sity to pursue further engineering studies. These would take him to the

level of a master's degree, with the RAF paying his expenses.

In May 1935, ten months into his term at Cambridge, Whittle

received a letter from a friend and fellow officer, Rolf Williams. Wil-

liams had left the RAF and now was in business with a partner. He

proposed to act as an agent for Whittle, seeking funds for his turbojet.

The search for support led them to a London investment banking firm,

O. T. FaIk & Partners, that staked them to £2,000, then the equivalent

of some $10,000. The RAF insisted that because Whittle was an active-

duty officer, he should devote no more than six hours a week to his new

project. In Whittle's words, "This provision I ignored."

Early in 1935, the parties incorporated their new company, Power

Jets, Ltd. As Whittle would put it, "We chose this name as being de-

scriptive of our aims; yet at the same time unlikely to disclose them." To

build and test his engine, he approached the firm of British Thomson-

Houston in Rugby, which built steam turbines for the power industry.

His strategy was the same as that of Hans von Ohain: to accept

that his engine would offer very poor fuel economy, but to try to burn

fuel at a rate sufficient to give useful thrust. And like Ohain, he felt

unsure of his ground when it came to combustion. He talked with

engineering specialists, but "for the most part I met with blank

astonishment and was told that I was asking for a combustion intensity

at least twenty times greater than had ever before been achieved." He

nevertheless found a small outfit in Edinburgh, Drew & Co., that was

willing to help. He did not disclose just what he was trying to do, but

A. B. S. Laidlaw, a director of the firm, guessed that it was a gas turbine.

Whittle by then was wearing two hats, neither of which was stan-

dard RAF issue. Although nominally he was still a flight officer, he was

in fact spending much time working on his engine. In addition, he was

still enrolled at Cambridge and was putting considerable work into his

studies, hoping to graduate with honors. This he accomplished, and in

July 1936 the RAF granted him a postgraduate year at Cambridge

rather than recall him to active duty. This meant he could continue with

his activities for Power Jets. He had set up a shop in the Thomson-

Houston plant in Rugby, and here the engine came together.

This engine, the Whittle Unit or WU, was ready for test in April

1937. (Ohain was already working with Heinkel and had successfully
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demonstrated his hydrogen-fueled turbojet.) Its compressor and turbine

had been meticulously machined to elegant simplicity, but in its exterior

appearance, the WU looked as if it had come from a cast-iron foundry.

Its combustion chamber was a long curving duct, welded like a stove-

pipe, looping outward from the engine's periphery. An exhaust tube,

several feet in length, stuck out a window like a cannon.

Whittle stood close to the engine and ran it personally, like an auto

mechanic testing a motor. Several employees of Thomson-Houston

were also at hand. In his words:

I gradually opened the main control valve. For a second or two

the speed of the engine increased slowly and then, with a rising

shriek like an air-raid siren, the speed began to rise rapidly, and

large patches of red heat became visible on the combustion cham-

ber casing. The engine was obviously out of control. The B.T-H.

personnel, realising what this meant, took to their heels in vari-

ous directions. I screwed down the control valve at once but this

had no immediate effect and the speed continued to rise. Fortu-

nately, the acceleration ceased at about 8000 rpm, and slowly the

revs dropped again. This incident did not do my nervous system

any good at all. I have rarely been so frightened.5

Much the same happened during a second test. One of the Thomson-

Houston engineers bluntly declared that he had seen far worse: "You

should have been standing near one of our vertical turbines when it

jumped out of its bearings; then you would have known what it was to

be frightened." A. B. S. Laidlaw calmed Whittle's nerves by insisting

that he should drink plenty of wine. He then went on to work with him

to improve the combustion system.

Those early runaways had resulted from nothing more than the

rapid burning of a pool of the fuel, kerosene, that had collected within

the combustion chamber during preliminary tests. Still, even after much

further work, Whittle could not gain his desired results. He tamed the

WU and got it to run under control, but the efficiencies of both its

turbine and its compressor were less than he hoped for. Nor did the

engine's performance improve when the compressor fouled its casing at

12,000 rpm, screeching to a halt in little more than a second.

The RAF had provided no financial support, but its officials saw

hope because Whittle at least had gotten his engine to run. During that

summer, as his postgraduate Cambridge year was coming to an end,
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they assigned him to work full-time for Power Jets. Meanwhile, another

British researcher, Alan Griffith, was opening a path toward govern-

ment support of Whittle's work. He had been working at the Royal

Aircraft Establishment, a leading research center. And like Betz and

Encke in Gˆttingen, he too had been pursuing a hope of achieving

marked improvements in the efficiencies of compressors and turbines.

Early experiments, prior to 1930, had given highly encouraging results.

The Depression put Griffith's activities on hold, but for only a few

years.

He revived them in 1936, as an assistant, Hayne Constant, per-

suaded him to try again. The necessary funding was available through

the Aeronautical Research Council. Its chairman, Sir Henry Tizard, was

one of the most influential scientists serving the RAF. Griffith won

Tizard's support and soon renewed his efforts.

Then in 1937 he visited Switzerland, where the firm of Brown

Boveri was breathing new life into the gas turbine. That company was

working with Jakob Ackeret, another aerodynamicist of Gˆttingen.

Like Griffith, Ackeret had been working to improve the design of tur-

bines and compressors. Drawing on his work, Brown Boveri now was

building commercial gas turbines. Better yet, it was selling them with

guaranteed performance.

This argued strongly that Griffith was on the right track. In May of

that year, Tizard recommended that the government should support the

development of gas turbines for aircraft propulsion. His report was

significant. Within the upper reaches of the RAF's scientific directorate,

it represented the first acknowledgment that ideas similar to Whittle's

had merit.

The ensuing months brought a bright spot for Whittle personally,

as he won promotion to squadron leader. He had married his home-

town sweetheart several years earlier; this new rank brought a marriage

allowance, which eased the strain on the family checkbook. In addition,

he began receiving dribbles of funding from the RAF, enough to keep

the work progressing. By midsummer of 1939, he felt ready to show

what he had built.

The RAF's director of scientific research (D.S.R.), David Pye, had

been following Whittle's work. Pye was an engine expert and had felt

much skepticism toward the turbojet, but he was slowly coming

around. Then on June 30 he visited Whittle's experimental lab. (The

first flight of the Heinkel He 178 lay only two months in the future.)
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Whittle proceeded to run his engine for twenty minutes, then showed

test data indicating that the engine was approaching its design perfor-

mance as its speed went up. Whittle describes what happened next:

This visit marked a dramatic change in D.S.R.'s attitude. Pye was

so impressed with what he had seen that he became a complete

convert, and said he now believed we had the basis of an aero-

engine. He agreed that the time had come for an important ex-

pansion of the effort, and promised his support for the placing

of contracts for an experimental aeroplane and an engine for

flight test.

Later that day, when I drove Pye to the Rugby station, I had

the curious experience of having him recite to me all the advan-

tages of the engine. His manner of doing so was almost as though

he were trying to convert a sceptic. I was tactful enough not to

point out that he was preaching to the first of all converts. It was

a measure of the degree to which he was carried away by his

enthusiasm.6

This was a milestone. Government support would soon come forth

in a flood, launching a program whose scope would compare well with

that of Germany. In addition, Whittle had modified his engine's layout

very substantially. The version that Pye saw already had the features of

its wartime successors, and even of British turbojets that would con-

tinue to see service well into the 1950s,

Much development still lay ahead. Yet Whittle, working with little

more than what he could scratch together, had already brought the

turbojet to the threshold of practical use. As in Germany, its further

development now would rest on efforts within industry, paid for out of

government funds. Whittle now stood on the cusp of complete success,

and he knew it.

What did this mean to him? Certainly his life was not easy. The

turbojet was more than the focus of his work and career; it was his

obsession. He had created it; he had nurtured it amid an overpowering

emotional involvement. To say that he neglected his wife and children

was hardly the half of it.

He faced enormous pressure. As it built on him, he began smoking

three packs of cigarettes a day. From 1936 onward he had frequent and

severe headaches as well as indigestion. A few years later, plagued with

painful boils and an ear infection, he turned to sleeping pills and stimu-

lants. When he came down with a bad case of nasal congestion, he
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sought relief in an over-the-counter remedy that contained benzedrine.

Soon he was sniffing away every fifteen minutes, and until he received a

doctor's help, he was an addict.

The pressures continued during the summer of 1939. In July,

Power Jets received a promise of a contract to design an engine for use

in flight. This was the W.I. Whittle designed it to resemble closely the

current version of his test engine. It demanded an experimental aircraft

for flight test, and Whittle had already talked about this with managers

at the Gloster Aircraft Company. In August that firm received its own

promise, as the RAF issued a specification for this test plane. Later that

year Whittle received a new assignment: to design a larger flight engine,

the W.2. Such an engine would be suitable for an operational fighter

plane. Gloster Aircraft, early in 1940, received an order to design that

airplane as well. It took shape as the Gloster Meteor.

Design of Whittle's engines, including early operational versions such as the

Rolls-Royce Weiland. Complex arrays of curving ducts feed air to the rotating

compressor and carry compressed air through the combustor and turbine.

(Art by Don Dixon)
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Then the Nazis unleashed their forces, and France fell in a matter

of weeks. Britain stood alone, her back to the sea, her hope resting on

the slim prospect that the RAF might maintain air superiority over

the Channel and save the country from a German invasion. Winston

Churchill took over as prime minister. One of his early acts was to

reorganize the development and procurement arms of the RAF into a

new Ministry of Aircraft Supply, headed by Lord Beaverbrook. The

Beaver's task was to bend every effort to build aircraft and engines of

existing type. Yet the bombing of London made Whittle's work all the

more significant, for there was danger that Germany might soon strike

anew with high-altitude bombers. To counter them, a jet fighter might

well be essential.

In October 1940, with the crisis still at full flood, Gloster received

notice to prepare for production of the Meteor. Such plans represented

an enormous leap of faith, for at the moment the only working turbojet

in all of England was Whittle's test model. It had run for less than a

hundred hours in total and was still having development problems.

But the ministry was not about to put all its bets on Whittle. In

view was a second jet-engine project growing out of Alan Griffith's re-

search work at the Royal Aircraft Establishment. Moreover, in January

1941 Tizard decided to bring a major aircraft company into the effort.

His choice was de Havilland. Heading this firm's engine activities was

Frank Halford, a brilliant engineer who already had a long line of suc-

cessful piston engines to his credit. Halford had no prior experience

with turbojets, but he gained full access to the work of both Whittle and

Griffith. The engine he designed, the de Havilland Goblin, appeared to

be highly suitable for a fighter aircraft. Halford's company then won a

contract to design that fighter as well. It took shape as the de Havilland

Vampire.

On paper, then, the British in 1941 had a program as ambitious as

that of Germany. The Germans were pursuing four turbojet projects

and two fighters; for Britain the tally was three and two. Whittle, Grif-

fith, and Halford all had their engines; the Gloster Meteor and de Hav-

illand Vampire were in prospect as the fighters that would use them.

Yet the Germans were well ahead. Their program had taken shape

by the end of 1939, with Luftwaffe funding, giving them a lead of over

a year. In addition, the Me 262 would hold a distinct speed advantage

over Britain's Meteor, reaching 540 mph while the Meteor would barely

top 400. The Vampire would also exceed 500, but would enter service

only in the war's final days. If the Germans could pursue their advan-
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tage, their fighters might sweep the British from the skies, opening the

way to an invasion of England.

The key to their efforts lay in the Jumo 004 engine. It had run on a

test stand as early as October 1940, at low power. In August 1941 it

reached its rated thrust level, 1,320 pounds, and then showed it could

do much more. At year's end it ran for ten hours, demonstrating a thrust

as high as 2,200 pounds. Preparations for the first test flights soon were

under way. Within months, the Me 262 was ready.

The test pilot was Fritz Wendel, who had made his name by setting

speed records in high-performance piston aircraft. He was in the cockpit

of the 262 on July 18, 1942, at a Messerschmitt plant near Leipheim.

The moment was at hand for its first flight under jet power. In the

words of Anselm Franz, the 004's designer:

The engines were turned on and Wendel carefully brought them

to full power. Now he released the brakes, the plane rolled, and

he held her down to the ground. Suddenly this airplane left the

ground and, propelled by these two 004 jet engines, as seen from

where we were, climbed almost vertically with unprecedented

speed until it disappeared in the clouds. At this moment, it was

clear to me that the jet age had begun.7

Vastly simpler in layout than Whittle's engines, the Jumo 004 engine achieved

much higher performance. (Art by Don Dixon and Chris Butler)
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Meanwhile, what were the Americans doing? They too were enter-

ing the jet age, but in their own good way and time. Early in 1941 the

United States had been exporting B-17 bombers to England, and Gen-

eral Electric sent a company representative, Roy Shoults, to look after

their turbochargers. Within weeks Shoults had picked up enough infor-

mation to conclude that the British were working on turbojets. He then

approached Colonel A. J. Lyon, the Air Corps' technical liaison officer

in that country. Together they won permission to inspect Britain's full

program of jet-engine development.

General Henry "Hap" Arnold was chief of the Air Corps, which

became the Army Air Forces in June 1941. He had already seen intelli-

gence reports that Germany was developing rockets. When he visited

England, early that spring, Lyon and Shoults told him that the British

were not merely talking about jets but were building them, and were on

the verge of flight test. Arnold was astonished. On returning to the

States in April, he started to make arrangements for the transfer of

Whittle's technology.

Arnold needed a manufacturing center for the engine. GE's turbo-

charger outfit, in Lynn, Massachusetts, fit his need splendidly, for its

people held solid experience with turbines and compressors. Arnold

also needed an experimental aircraft, which would come from Bell Air-

craft Corporation in Buffalo. On October 1 the British sent a plane

across the Atlantic, carrying a test version of one of Whittle's engines

along with blueprints for a more powerful one.

The engine developed from those blueprints went on to power

Bell's new aircraft, the XP-59A. In 1942 it proceeded to flight test at

Muroc Field, the future Edwards Air Force Base, in California's Mojave

Desert. In this remote desolation, the most advanced planes could fly in

secrecy. Early in October, amid what an observer described as "a low

rumbling roar like a blowtorch and a smell of kerosene in the air," the

59A made its first flight.

Yet even with its jet propulsion, the 59A was already behind the

times. Subsequent tests showed that the latest piston-powered fighters

with turbochargers, the Republic P-47D and Lockheed P-38J, could

outclass the XP-59A in both performance and maneuverability. And if

mere piston-driven planes could counter it, certainly it would be no

match for Germany's Me 262. Army intelligence was aware of it, and

General Arnold decided he needed something with which to beat it. And

he needed it in a hurry
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Again he would look to the British, for Frank Halford had been

bringing his engine to life. It was the de Havilland Goblin, which of-

fered as much as twice the thrust of Whittle's best. The Gloster Meteor

and Bell XP-59A had both relied on two Whittle engines, but Halford's

work now opened the enticing prospect of a single-engine jet fighter.

Single-engine fighters were simpler; they were what the world's air

forces were accustomed to rely on.

But while Halford would provide the engine, Lockheed Aircraft, in

Burbank, California, would build the fighter as an original design. That

firm had already pioneered in studies of jets, for in 1940 one of its

engineers, Nathan Price, had designed a turbojet engine of particularly

high performance. The company's chief research engineer, Clarence

"Kelly" Johnson, had gone on to propose a fighter-aircraft concept that

would use this engine to reach 625 mph. Though this work went no

further than paper studies, it gave Johnson a resume that was probably

unique in the country.

Johnson already had taken main responsibility for designing a new

and pathbreaking airliner, the Constellation. Through close involve-

ment with the P-38, he knew the problems of high-speed flight at first

hand. His work with Price meant he would be at home in a realm of jet

aircraft. In turn, this collaboration had introduced him to the interplay

of engine and airframe that assures a successful airplane. He probably

knew as much about turbojets as anyone in the aviation industry, short

of having actually built one.

To manage this new project, General Arnold turned to his develop-

ment center at Wright Field, near Dayton, Ohio. In May 1943, one of

its officials invited Lockheed to prepare a proposal for the new fighter.

It took no more than a few weeks to draw up, and in mid-June Kelly

Johnson, the project manager, took it to Dayton. He insisted that he

could build this new plane from scratch in only 180 days, at the Bur-

bank plant. Two days later, on June 17, Wright Field issued a letter

contract directing him to do just that. The new fighter would take the

name XP-80. People called it the Shooting Star.

A six-month schedule was only about one-third the time such a job

would normally demand, and Johnson knew he would have to cut

corners. "For some time," he later wrote, "I had been pestering [his

management] to let me set up an experimental department where the

designers and shop artisans could work together closely in development

of airplanes without the delays and complications of intermediate
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departments to handle administration, purchasing, and all the other

support functions. I wanted a direct relationship between design engi-

neer and mechanic and manufacturing. I decided to handle this new

project just this way."8

He pulled together a picked group of 23 engineers, later noting, "I

simply stole them from around the factory." A staff of 105 mechanics

supported them. The work would proceed in its own secure area, next

to the wind tunnel. Engine boxes, left over from deliveries of bombers,

were at hand to wall it off. In Johnson's words, "They were just taking

up space in the storage area and were made of good, heavy wood. We

cleared the space and used the boxes to build the walls of our produc-

tion area. For the roof, we rented a circus tent."

Across the street stood a plastics works that was very smelly. Fur-

ther, the project was highly classified. When people asked just what

Kelly was doing in there, a typical answer would be, "Oh, he's stirring

up some kind of brew." That reminded Ervin Culver, one of the engi-

neers, of the Li'1 Abner comic strip, in which Hairless Joe brewed his

Kickapoo Joy Juice in a still called the Skunk Works. Culver took to

answering his phone by saying, "Skunk Works," and the name stuck. It

came to mean a new way of doing business: one of secrecy, small staffs,

and freedom from outside interference.

A meeting with Wright Field officials at the Skunk Works, on June

26, started the 180-day clock. Six days later the government-furnished

equipment arrived in a truck: guns, radio, wheels and tires, cockpit

instruments. A large red sign went up on the back wall, OUR DAYS

ARE NUMBERED. The wooden mockup was ready on Day 19 and

received its approval a few days later, on July 20. In mid-August the

prototype itself was well along in assembly, with all fuselage bulkheads

in place, attachment of aluminum skin in progress, and the start of wing

construction under way. Soon only one main item was missing: the

engine. Frantic telephone calls and overseas cables brought its arrival on

November 2. With it came a clear indication of the astonishingly high

level of secrecy that the project was achieving.

Security was too tight to bother with formalities such as passports

and customs-office procedures. A British expert, Guy Bristow, accom-

panied the Goblin to California simply by riding along in its Air Force

transport plane. Exhausted by his long trip, Bristow asked for a chance

to rest in his hotel before helping with the engine installation. A police-

man saw him jaywalking on Hollywood Boulevard and soon found that
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he had no draft card. What was more, he had no passport. At the station

house he insisted that he was working for Lockheed on something called

the Shooting Star, but a phone call to that company brought an attorney

to the line who was not part of the Skunk Works. He knew nothing of

either Bristow or a Shooting Star.

It was off to the hoosegow for the Britisher, where he languished

for several hours. By now Johnson was wondering where the man might

be. He phoned Bristow's hotel and learned that no such guest had

checked in. Desperate, he phoned the missing-persons bureau, which

was part of the police department, and found his man. Nevertheless, it

took the intervention of the president of Lockheed, together with War

Department officials, to spring him loose.

The Goblin was in place on November 9, within the XP-80. With

an escort from the California Highway Patrol, its fuselage and wing

were soon under canvas and on a flatbed truck, bound for Muroc Field

for flight test. It had two side-mounted inlets, and during an engine

run-up on November 16, suction from the Goblin caused both inlets to

collapse. Debris flew into the compressor and cracked its impeller, ren-

dering it useless. The Air Force later would be quite gallant about this

mishap, declaring that Lockheed indeed had delivered its fighter on

November 16, which was Day 143. But there was nothing to do except

wait for a new engine, which took weeks. Not until January 8 did the

plane make its first flight.

Still, this Lockheed effort now placed the Yankees fully on a par

with both the British and the Germans. And Germany, for its part, was

running into delays. The Jumo 004 engine had powered the Me 262 as

early as July 1942, yet that turbojet was in no way ready for production.

That version had been designed to obtain a working unit in the shortest

possible time, without regard to its use of strategic materials-nickel,

chromium, cobalt-that the 004 needed for temperature resistance.

Wartime Germany had only limited reserves of these metals. In particu-

lar, what little cobalt it possessed had long been allocated for use in

high-speed cutting tools.

Before the 004 could reach production, it would demand a redesign

to reduce its use of such materials to a bare minimum. Its engineers

attacked this problem vigorously. They had built its combustion cham-

ber with high-alloy steel. Now they turned to mild steel, a common

industrial material, with channels in the engine to cool it using internal

airflows. Turbine blades received similar attention, and the final results
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were spectacular. Production engines delivered 2,000 pounds of thrust

and weighed 1,650 pounds. But they used less than five pounds of

chromium in each unit, and no more than six pounds of nickel.

Test flights of the 262 had proceeded in the meantime, and a

Luftwaffe major general, Adolf Galland, was following them with great

interest. He commanded Germany's fighter force; in addition, he held

his country's highest military decoration. His views therefore carried

weight, and in May 1943 he personally flew the 262. He left its cockpit

with wild enthusiasm, immediately telegraphing his superior, Colonel

General Erhard Milch, who was deputy to the commander of the entire

Luftwaffe, Hermann Goering.

Declaring that to fly the new fighter was "like being pushed by an

angel," Galland stated that this plane should enter production as soon

as possible. Milch agreed that an existing Messerschmitt fighter pro-

gram should shut down to free up the needed production facilities and

proceeded to win Goering's consent. On June 2 Willy Messerschmitt,

head of the firm, received his orders. By year's end, he was to deliver the

first hundred 262s.

Three years earlier the RAF had turned to Whittle in a time of great

need, believing that he could pull a turbojet out of a hat and save the

country from Goering's air raids. Now the shoe was on the other foot,

for it was the Allies' turn to deliver the blows. They were striking with

increasing strength at Germany's cities, and on May 16, only days

before Galland's flight, a squadron of British bombers had accom-

plished a particularly remarkable feat. They had breached two of Ger-

many's largest dams, the Moehne and Eder, releasing a third of a billion

tons of water to thunder down the valley of the Ruhr. "The Ruhr will

not be subjected to a single bomb," Goering had boasted back in 1939,

adding that "if an enemy bomber reaches the Ruhr, my name is not

Hermann Goering; you can call me Meier!" The Me 262 looked like an

ace in the hole, a wonder-weapon that might yet turn back the Allies.

The production version of the 004 engine was still in development;

not until October 1943 would two of them power a 262. Even then,

some technical problems remained unsolved. Moreover, Willy

Messerschmitt himself was reluctant to commit to such a fast pace, for

he was short of machine tools. In a personal meeting with Adolf Hitler,

late in June, he stated that he could better serve the Reich by pursuing a

less abrupt buildup. On July 15 he proposed that production should

begin no sooner than January 1944, building in May to a rate of sixty
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aircraft per month. And even to meet this more modest schedule, he

would need some 1800 additional skilled workers.

A month later, Messerschmitt's own plant in Regensburg was to

feel the blast of American bombs. The destruction particularly included

jigs for the 262, frameworks used in assembly of its wings and other

major parts. Such jigs, as well as other tools, were to be the focus of

effort for his eighteen hundred new employees. And even these people

would be late in arriving. Nevertheless, Messerschmitt was prepared to

stick to his guns. Late in August 1943 he reaffirmed his production

schedule, promising sixty a month as he had stated. He would hold at

that level until November 1944, then launch a rapid expansion that

would leap to a thousand a month the following September.

How could Messerschmitt meet such a schedule? He had his own

ace in the hole: slave labor.

Some ten million captives labored as slaves within the Reich in the

course of the war. Their life expectancy was brief. Some were Russian

prisoners of war; the Geneva Convention forbade their use in this fash-

ion, but that was the least of their worries. Others were in Germany as

a result of Hitler's infamous Night and Fog Decree. This specified that

when prisoners were still alive after eight days, they were to vanish from

their homelands without a trace.

Many more were from Poland and the Soviet Union, taken by

simple kidnapping. A German official wrote of a "wild and ruthless

manhunt" that "has badly shaken the feeling of security of the inhabi-

tants. Everyone is exposed to the danger of being seized anywhere and

at any time by the police, suddenly and unexpectedly, and of being sent

to an assembly camp. None of his relatives knows what has happened

to him."

From such camps the slaves were packed into boxcars, usually

without food, water, or toilet facilities, and sent to work under the most

severe degradation. A doctor who visited the captives of Krupp, the

great steelmaker, later described what he saw:

I found these females suffering from open festering wounds and

other diseases. They had no shoes and went about in their bare

feet. The sole clothing of each consisted of a sack with holes for

their arms and head. Their hair was shorn. The amount of food

in the camp was extremely meager and of very poor quality. One

could not enter the barracks without being attacked by fleas. I

got large boils on my arms and the rest of my body from them.
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For those who were too weak to work, or too ill, Heinrich Himmler

had a cure. He was in charge of the concentration camps, and he or-

dered that for people facing such difficulties:

"... special treatment is requested. Special treatment is hanging.

It should not take place in the immediate vicinity of the camp. A

certain number should attend the special treatment."9

Willy Messerschmitt was no stranger to the use of slave labor.

Early in 1943, when he was short of workers, the SS provided him with

three thousand prisoners from the Dachau concentration camp to work

at his main plant in Augsburg. Messerschmitt had come up as a brilliant

industrialist who could rally his country's best minds in pursuit of aero-

nautical advance. Even under the Nazis, he had the opportunity to fight

his war with decency and honor, refusing to participate directly in

crimes against humanity. He did not do this. He allied himself willingly

with some of the grossest forms of tyranny ever unleashed against the

world's people.

Amid such a moral stench, the Me 262 at last reached production.

This would not take place in factories but rather in underground mines.

In addition, a major center sprang up in the forest of Horgau, hidden

beneath trees some eight miles west of Augsburg. Messerschmitt's exist-

ing plants were no longer suitable, for the Allies were striking them

repeatedly and hard. February 1944 brought the bombers to Leipzig,

Augsburg, and Regensburg; in March to Augsburg and Friedrichshafen;

in April to Lechfeld and again to Augsburg; twice to Leipzig during

June; and then in July to Leipheim and once more to Regensburg.

But beneath the ground and within the woods, the Me 262 was

coming off its assembly stations. Messerschmitt had promised to build

300 of them during the five months of June through October 1944. He

first approached his 60 a month in July, not in May as he had planned,

but during those months he succeeded in delivering a total of 315. Over

a hundred of them came together during October. Thereafter produc-

tion rose sharply, peaking at 300 in February 1945. Nor were engines

lacking. Junkers began turning them out in quantity around March

1944, and delivered some 3,350 during the first three months of 1945.

By then the Allies were forcing a collapse of the railroads of the

Reich. After February, Messerschmitt's monthly production fell off like

the heartbeat of a man being asphyxiated. Still, between March 1944

and April 1945, he turned out 1,443 of these new jet fighters. Some
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were destroyed during raids, but the Luftwaffe accepted 239 of a

fighter-bomber variant and 741 of the standard version.

It would be satisfying to relate that Allied jet fighters were also

ready in substantial numbers, and that they hurled back this last effort

of a beaten foe. In fact, no British or American jet ever took part in such

an encounter; the first all-jet dogfight would not occur until the Korean

War. The Gloster Meteor was the only Allied jet that was ready in time,

and it lacked the performance to challenge the Me 262. The British kept

it in England, for home defense. The task of blunting the spear of the

262 would call on the power of the Allies' piston-driven bombers and

fighters, whose control of German skies was absolute.

The Luftwaffe made a gallant try. In January 1945 a group of 262s

attacked a squadron of twelve American bombers and shot down every

one. Two months later they struck again, as a wolfpack of three dozen

destroyed eighteen more. Yet at war's end, the Army Air Forces re-

ported that they had lost only fifty-two bombers and ten fighters to

these jets, in total, during combat. The 262 was simply too little, too

late.

The 262 was unmatched in the sky, but it spent very little time in

flight, and on the ground it was a sitting duck. Its engines, built from

inferior metals, lacked reliability and had service life sufficient for only

a few missions. This meant that many operational 262s had to stay out

of action until they could receive new engines and major spare parts. In

addition, they encountered frequent accidents on the ground.

The Allies fought them ruthlessly. For a time they used a tactic

called "rat catching," putting combat air patrols over jet airfields. They

often caught the 262 on the ground or during takeoffs and landings.

Even in the air the 262 could only find safety in numbers. By themselves,

individual 262 pilots often found that they were little more than targets

in an Allied shooting gallery. Sure of their strength, American pilots

would assemble in numbers and pile into a 262 when they had the

chance, like linebackers sacking the quarterback. As the historian Wal-

ter Boyne has put it, "The airfields in Germany were littered with aban-

doned aircraft of the next generation."

Yet like the song "Lilli Marlene," the Me 262 was one of the few

developments in Nazi Germany that could evoke feelings of regret and

lost opportunity. Among those who knew it, and who could view it

entirely as a development in aeronautics, there would arise the haunting

sense of a Lost Cause. General Galland particularly insisted that the 262
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could have been in operation eighteen months earlier if his Luftwaffe

commanders had given higher priority to its production. He declared

that it could then have had a vital effect on the war's outcome.

Galland's conviction was echoed with particular passion when

troops of the U.S. Army seized an underground factory at Nordhausen

that had served as a center for production of the V-2 rocket. The V-2

had been the world's first long-range missile, with close to six thousand

having been built. A German-speaking American found the director still

in his office. The director broke down and wept, speaking of his own

project as having wastefully diverted resources from the Me 262. "For

each V-2," he said, "we could have built at least one jet fighter, and

each jet fighter would have shot down at least one of your bombers that

have destroyed our country."10

One can certainly point to delays. The 262 lacked priority during

much of the war because Germany put its resources into mass produc-

tion of existing aircraft and piston engines. This policy arose because

Hitler liked large production figures, and those who served him were

eager to please. Yet it also reflected simple prudence. Jet fighters were in

their early stages of development; they offered only the most uncertain

supports on which to rest the fortunes of battle. These uncertainties

grew stronger as it became clear that jet engines would have to be built

from second-rate metals. Indeed, redesigning the Jumo 004 to use such

materials imposed additional project delays. And when the Luftwaffe

finally gave Messerschmitt the go-ahead, it was not because the 262 had

proved itself on its merits. It was because German leaders were desper-

ate and would try virtually anything.

Even so, the milestones in the 262 program were astonishingly

similar to those of one of America's major aircraft, the B-29 bomber.

Here, of course, was neither slavery nor bombardment; nor were there

shortages of strategic materials. And the priority of the B-29 was never

in doubt, for the Army Air Forces ordered it into production even before

completion of the first prototype. Yet it too took time to reach the battle

and to win its place in the war.

Boeing built it. Its first design studies dated to 1938, a year that

saw initial Luftwaffe interest in jet engines and fighters. Boeing received

a formal invitation to offer a proposal for the new bomber in February

1940, eight months after Messerschmitt offered its own proposal for the

262. Boeing's prototype first flew in September 1942, just two months

after Fritz Wendel took the 262 into the clouds. B-29s flew their first

bombing mission in June 1944, only seven weeks before a 262 scored its

107

first kill in air-to-air combat. And the Boeing aircraft first became avail-

able in substantial numbers late that year, just as 262 production was

hitting its stride.

The Me 262 indeed sustained delays, but from this perspective, the

most significant of them in no way stemmed from wrongheaded deci-

sions or bureaucratic lack of imagination. They resulted from develop-

ment, from the inevitable need to take time between successive steps.

Time to prepare a suitable design and prototype; to find problems and

wring them out; to prepare for production; to train and build the opera-

tional squadrons; and only then, at long last, to unleash a new weapon

with prospect of success.

It is no mark against either the B-29 or the Me 262 that they came

late to the war. Rather, it demonstrates that when war comes, a nation

must expect to fight with equipment that is already at hand. The alter-

native, placing hope in new wonder-weapons, involves too much time

and too many risks. And for the Third Reich in May 1945, time had run

out.

