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A Rising of Eagles

IN DECEMBER 1941, both at Pearl Harbor and in the Phil-

ippines, the Japanese attacks caught the United States with

its warplanes on the ground and unable to fight back. The

effect of the DC-3 upon the British was somewhat similar.

They had nothing remotely comparable to offer even to

their own airlines, let alone to those of other nations.

Downing Street, however, would not be left at a loss, for

in 1938 the government doubled its subsidy to Imperial

Airways. That raised payments from the Exchequer to

nearly 40 percent of the airline's total receipts.

Even so, this could be no more than a stopgap. Dur-

ing the war, the British aircraft industry put its full effort

into fighters and bombers. That meant it would be at still

more of a disadvantage, for the Yankees were using the

war to build DC-4s. Accordingly, late in 1942, Prime Min-

ister Churchill directed one of his country's aviation lead-

ers, Lord Brabazon of Tara, to recommend new airliner

designs for the postwar world. Brabazon set up a commit-

tee, but it accomplished little. In May 1943 he tried again,

and this second Brabazon committee went on to carry out

the assignment.

It recommended particularly that Britain should take

advantage of its lead in jet-engine development by be-

coming the first nation to power an airliner using turbo-

jets. In this fashion the British might leap past the Yanks,

who would be working on piston-powered designs for quite

137

138

some time to come. The jetliner, known as the Brabazon 4, was to be a

high-speed mail plane carrying six passengers and a half-ton of mail.

This was just the sort of suggestion that was likely to come from a

committee, for it reflected prewar views concerning the size and capac-

ity of airliners. In the postwar era, even with its high speed, the Braba-

zon 4 would be too small for the market. But in the hands of Sir

Geoffrey de Havilland, Lord Brabazon's suggestion would metamor-

phose into something very different.

De Havilland was the only planebuilder to have his own in-house

group that was producing turbojets. He already was using his firm's

combined talents to build the Vampire fighter, powered with his Goblin

engine. In addition, his people knew as much as anyone in England

about the building of modern airliners. Just before the war his company

had brought out the Albatross, a beautifully streamlined plane. It was

one of the world's first four-engine aircraft in scheduled service.

He decided that the Brabazon 4 should carry more than six passen-

gers. The eventual design would have room for thirty-six, outclassing

the DC-3 and approaching the capacity of the DC-4. He also wanted a

new engine, and Frank Halford, creator of the Goblin, was ready to

weigh in with an advanced version called the Ghost. It would aim at five

thousand pounds of thrust, compared with three thousand for its prede-

cessor. What was more, Ronald Bishop, the company's chief designer,

went on to propose an airframe that would gain speed by flying at high

altitude, thirty-five thousand feet. De Havilland christened the new

concept Comet, consciously evoking past triumphs by giving it the same

name as a 1934 racing plane of his design that had won an international

race to Australia. It had outpaced the DC-2, and with his new Comet,

de Havilland hoped to beat the postwar Douglas airliners.

Its engines would amount to a scale-up of an existing type, and its

overall design introduced few problems. This gave good reason to be-

lieve that this airliner could be up and flying in a hurry. The new Labour

government of Clement Attlee proceeded to ease the financial burden by

lending part of the development cost, with the understanding that it

would recoup this outlay by charging royalties on sales of production

versions. Early in 1947 the first orders came rolling in. The buyer was

British Overseas Airways Corporation, the government-owned succes-

sor to Imperial Airways. The eight Comets it ordered represented the

world's first commitment to the purchase of jetliners.

In the United States, the situation was very different. America had

no urgency that would drive a planebuilder to an early commitment to
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jet propulsion. Nor would the government lessen the financial risk

through subsidies and purchases made by a federally owned airline.

America's path to the jetliner would prove quite circuitous. It began late

in 1943, the year that launched Lockheed's XP-80.

Though this jet fighter was only a prototype under construction,

Wright Field would seek to look ahead to the next step by commission-

ing initial studies of jet bombers. Four such study contracts went out to

as many firms: North American, Convair, Boeing, and Martin. The

aircraft that would result would carry the designations XB-45, -46, -47,

and -48, respectively.

Three of them, the designs of North American, Convair, and Mar-

tin, represented conventional thinking. Drawing on the knowledge of

the day concerning high-speed flight, North American's XB-45 came

out looking rather like a big version of the XP-80. Four jet engines

drove it at a cruising speed of 509 mph. Because those engines were still

fuel hungry, its radius of action was only a thousand miles, barely half

that of the B-29. Even so, it appealed to the Air Force because it could

be ready quickly. That service went on to order it into production.

This meant that in the conventional-wisdom game, North Ameri-

can beat both Convair and Martin. Martin also had a good design in its

XB-48, powered by six turbojets, but it offered no advantage over the

XB-45 and did not go into production. Convair, for its part, built its

four-engine XB-46 with thin wings and a long and graceful fuselage of

pencil-like proportions. Such slenderness seemed to promise high speed

by reducing drag, but the thin wing needed extra weight for adequate

strength. The XB-46 also dropped by the wayside.

That left Boeing. The view here was that the project could strike

out in a new direction by taking advantage of a company facility that

the competition lacked: a large wind tunnel, capable of testing designs

at airspeeds close to the speed of sound. It entered service in 1944, and

with it, Boeing hoped to carry out systematic studies of a host of alter-

natives. The firm would not accept the conventional wisdom. Instead,

using this wind tunnel, its researchers would seek the best possible

shape for a large jet.

Right at the outset, Boeing took on the problem of a jet engine's

thirst for fuel. The engines of the day were gulping over twice as much

as piston motors of equivalent power. And the Air Force wanted its

bombers to have good range, which put a premium on good fuel economy.

Fortunately, these engines' efficiency would go up as their speed

increased. In addition, extra speed would ram air into the engine inlets
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with greater force, boosting the pressure in the combustion chamber

and gaining a further margin in fuel economy. What was more, com-

pletely apart from these matters involving the engines, greater speed by

itself would increase the range.

These three effects, taken together, meant that even a modest speed

increase would yield a disproportionate improvement in range. For

speed to go up, drag would have to go down. Hence to satisfy the Air

Force, Boeing would have to use its new wind tunnel to reduce the drag

by every possible means.

The source of the drag, in turn, lay in the wings. As airspeed

increased beyond about three-quarters of the speed of sound, this drag

would show a sudden and dramatic rise, increasing as much as thirty-

fold at 0.95 of sound speed. At jet-aircraft altitudes, thirty-five thou-

sand feet and higher, the speed of sound was 660 mph, which is why

such aircraft were finding it hard to go much faster than 500 mph. Yet

even during the propeller era, wind-tunnel tests had demonstrated this

rise in drag. One of the first high-speed tunnels was one of twelve-inch

diameter built in 1935 at Britain's National Physical Laboratory. When

a newsman asked the researcher W. F. Hilton what he was doing with

it, Hilton pointed to a plot of data and said, "See how the resistance of

a wing shoots up like a barrier against higher speed as we approach the

speed of sound." With this brief explanation he had coined the phrase

"sound barrier."

The designers at Convair were trying to lower this barrier with the

thin wings of their XB-46, but that wasn't working very well. Boeing

would have to try something new, and the man who would show the

way was George Schairer, the company's chief aerodynamicist. He was

still in his early thirties in 1945, having come up in a yeasty and innova-

tive environment. His father, Otto, had been one of three founders of

the first radio station, Pittsburgh's KDKA, in 1920. Later, at Westing-

house and RCA, Otto had worked with Vladimir Zworykin, an inven-

tor of television. A year for George at the Massachusetts Institute of

Technology, working on his master's degree, introduced him to the

world of aerodynamics.

Here, too, no more than a modest number of people were pushing

back the frontiers. They all knew each other, and even at international

meetings they could all attend each other's presentations. The young

Schairer soon joined Boeing. It was part of a realm of small companies

that had to be quick on their feet, and in which Schairer's youth was no

disadvantage. "At the time I went there, all the top people were under
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thirty," he recalls. He then was well prepared to hit the ground running

when the war came.

In May 1945, Schairer produced the first key advance along the

path to a high-speed bomber. He was to travel to Germany with a party

of other specialists and observe firsthand what that country's scientists

had learned in their wartime research. At the Pentagon he met up with

another member of the group, the aerodynamicist Hsue-shen Tsien of

Caltech, and Tsien had news. Robert T. Jones of the National Advisory

Committee for Aeronautics (NACA), whom Schairer also knew, was

arguing that one could make an airplane fast by using sweptback wings.

He had written a paper about this but had encountered disbelief within

a committee of NACA aerodynamicists, who had blocked his paper

from publication. An unhappy Jones then had complained of this to

Tsien, a close friend.

Swept wings were new to both Tsien and Schairer. Would the idea

work? And even if it did, could they understand it in the light of the

aerodynamic principles they knew? Schairer and Tsien proceeded to

discuss the matter, continuing their talks during the long flight across

the Atlantic.

They were heading toward the mother lode of aerodynamics, for

German scientists had not only founded this field but had made most of

the main discoveries, giving leadership that had lasted for decades. At

the center of it all was Ludwig Prandtl, who had been at the University

of Gˆttingen since 1904 and who had founded and headed Germany's

top aerodynamics research center. As early as 1904 he had offered a

basic insight that would dominate work in this field: that when an

aircraft disturbs the surrounding air and experiences drag, the most

important effects arise within a thin layer of air immediately adjacent to

the airplane's surface. Because this "boundary layer" would be thin, the

equations describing it would simplify, and people could actually hope

to solve them. He treated wings in particular detail, formulating a the-

ory in 1918 that made it possible to predict, from first principles, their

lift and drag. This wing theory would guide the work of Alan Griffith

and Albert Betz, who went on to use it in designing compressors and

turbines of high efficiency, paving the way for the turbojet.

Prandtl was certainly wrapped up in his work, which could easily

have left him at a loss when he decided it was time to get married. It was

around 1910; he was comfortably ensconced in his professorship. He

also had no sweetheart and didn't know how to find one. But he had a

professor at the University of Munich, August Foppl, from whom he
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had taken his Ph.D., and that man had two daughters. He wrote a letter

to Mrs. Foppl, asking for the hand of one of them, but didn't specify

which. They both knew Prandtl, though only slightly, and while he had

been polite to them he had never spoken of love. A family conference

nevertheless concluded that Gertrude, the elder of the two, should be his

wife. She was in her late twenties, about a decade younger than Prandtl.

They were duly married, and had two girls of their own.

In addition to his own pathbreaking work, Prandtl also turned out

students who went further yet. These included Albert Betz. Jakob Ack-

eret was another. Working at Brown Boveri in Switzerland, Ackeret

gave new life to the gas turbine and went on to build Europe's first

supersonic wind tunnels. Still another was Hermann Schlichting, who

advanced the theory of boundary layers. Also there was Max Munk, a

brilliant aerodynamicist in his own right, who did a great deal of work

in building up NACA in its early days, both as a theorist and as a

wind-tunnel experimentalist. Overshadowing them all, though, was

Theodore von Karman. He brought aerodynamics to Caltech, building

that university into one of the world's leading centers for research in this

field. Then, drawing on earlier work by Ackeret, he developed a theory

for supersonic wings that matched the comprehensiveness and precision

of Prandtl's theory of 1918.

Against this background, and with the Germans clearly at a very

advanced state in jet propulsion, Schairer and his party had more than

science on their minds. The people they would be seeing were old

friends and colleagues from prewar days, and there was every reason to

expect that these ties would prevail. At Appomattox in 1865, when

Robert E. Lee surrendered, Confederate troops had welcomed Yankee

soldiers almost as if they had been comrades. The links between these

Germans and Americans had been far closer. The visitors made their

way to a research center at Volkenrode, arriving on the day Germany

surrendered. Hugh Dryden, another man of NACA, found his way to

the library with Schairer in tow. Soon they were finding drawings and

wind-tunnel data concerning ... an aircraft with sweptback wings.

Such wings were not exactly new, even in 1945. The DC-3 had

swept its wings slightly to restore its balance when its center of gravity

had proved to be out of place; doing this had been easier than redesign-

ing the mounting of the entire wing. In the Me 262 a similar center-of-

gravity problem had been solved with eighteen degrees of sweepback.

But this new German data didn't fit that category.
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The following day, several of the visitors met with Adolf Buse-

mann, a theorist at the institute who spoke English. Von Karman was

there, as leader of the Americans, and asked Busemann, "What is this

business about sweepback?" Busemann's face lit up. "Oh, you remem-

ber," he said. "I read a paper on it at the Volta Conference in 1935."

That had been the world's first conference on supersonic flight,

with Mussolini himself as the sponsor. His government had even paid

the participants' travel costs, which for the American attendees had

meant a leisurely Atlantic cruise. The sessions had opened in a building

within Rome's Campidoglio that dated to the Renaissance; attendants

in full-dress suits had been at hand. The conference conclusion had

featured a personal audience with Il Duce, whom Von Karman would

later describe as "a small man but a great poseur." Yet despite these

Ruritanian trappings, the conference indeed would stand out as an

aeronautical milestone.

As Busemann stood talking with Von Karman and the other visi-

tors, he recalled that several of them had been at that conference. He

reminded them that after presenting his paper, he had gone out to

dinner with a group of colleagues, including Von Karman and Dryden.

At the restaurant another in their party, Luigi Crocco, had sketched an

airplane with swept wings and had passed it around the table, calling it

"the airplane of the future."

Busemann had come up as another of Prandtl's students, but his

1935 paper had made little impression. As Robert Jones of NACA later

noted, Busemann had missed the point, because his swept-wing theory

would apply only in supersonic flight. In 1935 such speeds were off in

the distance along with flight to the moon, and Busemann's paper had

gone into the dusty archives.

Then in 1939 Albert Betz, still at Gˆttingen, proposed that sweep-

back could be useful in jet aircraft flying below the speed of sound. Even

this work had failed to influence directly the design of the Me 262. But

that fighter indeed had sweepback, though ironically for reasons of

center of gravity and not of aerodynamics. That had helped it achieve its

high speed of 541 mph. By the end of the war, German designers had

already prepared a concept for a successor jet with forty-five degrees of

sweep. And by late June of 1945, the Germans having proved that he

was correct, Jones would publish his own paper on swept wings.

Why were swept wings important? Such wings could delay the rise

in drag, putting it off until a plane was flying faster and closer to the
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speed of sound. And even when drag rise did take place, it would be

much less severe than with a conventional straight wing. As Jones

would state in his paper's abstract, "drag may be reduced" with swept

wings, adding that "this principle may also be applied to wings designed

for subsonic speeds near the speed of sound." Wing sweep then could

offer a simple path toward a jet bomber that could fly faster and get the

most out of its engines.

On May 10, fresh from his talk with Busemann, Schairer wrote a

letter to Boeing, alerting them to this new development. Swept wings

soon became a major topic of research with the new wind tunnel. A

second topic also emerged in the question of where to put the new

bomber's engines. The designers had wanted to install them within the

fuselage, but Air Force tests showed this would be a bad decision.

Bullets fired into an engine would cause it to spurt flame like a blow-

torch. Yet they couldn't put the engines in the conventional position,

directly against the wing's underside. Too many of Boeing's wartime

bombers had gone down in flames, as fires in their piston engines had

spread to the adjacent wings. George Martin, the chief designer on the

XB-47, wanted to hang the engines at the end of struts, separate from

the wings. The question then became what sort of strut mounting would

work best.

Again the wind tunnel would decide. In a key series of experiments

called the "broomstick tests," Schairer stuck a broom handle into a

model of an engine pod and personally climbed into the wind tunnel,

holding the broomstick in various positions. He was seeking to under-

stand performance at landing speeds, around 130 mph, which was slow

for an airplane but close to the limit of wind speed he could withstand.

Tufts of yarn glued to the adjacent wing model would indicate the

airflow's behavior. Schairer saw that when the engines were below and

in front of the wing, the resulting airflow showed that the aircraft could

fly at low speed without pitching its nose up. This was important; swept

wings had shown a tendency toward just such pitch-ups, which could

send an aircraft pancaking into the ground. With this observation, he

had discovered that below-and-in-front mounting was the proper place-

ment for the engines. It is followed to this day.

The XB-47 made its first flight in December 1947, forty-four years

to the day after that of the Wright brothers. To look at it today, across

nearly half a century, is to see that it was the shape of things to come.

One may compare it with so current a design as the Boeing 777 airliner,

which entered service in June 1995. The principal change is in the engines,
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the XB-47 having six and the 777 only two, each one enormous in size.

Otherwise, in their basic arrangements, the two aircraft look like very

close cousins.

The production version, the B-47, offered considerable advantage

over both the B-29 and its jet-powered rival, the North American B-45.

It was 50 mph faster than the B-45, with twice the range. In fact, it had

greater range than the wartime B-29, while its jet engines gave it better

than twice the speed. It could haul a heavy war load, and could carry the

atomic bomb. Its pilots would cherish it as a hot rod with the speed and

maneuverability of a jet fighter.

Within the Air Force, General Kenneth Wolfe ordered production

of the first ten B-47 aircraft in September 1948. This opened a stream of

purchase orders that would top two thousand airplanes during the life

of the program, setting a record for production of an American bomber

in time of peace.

Even so, the B-47 could never stand forth as the nation's first line

of defense. The builders of piston-powered aircraft had also been busy.

They had raised the stakes, changed the rules of the game, moved the

goalposts; more specifically, they had redefined what it would mean to

build a first-line bomber. The goal now was "10,000 pounds for 10,000

miles." Aircraft capable of such performance could fly the Atlantic from

bases in the United States, drop a plutonium bomb on Moscow, and

then return home, all in a single unrefueled mission. Boeing soon would

be doing all it could: installing a fuel tank in the B-47 fuselage, hanging

droppable tanks beneath the wings, boosting the plane's loaded weight

above 198,000 pounds. (That of the B-29 was more like 140,000

pounds at most, even with maximum loads.) It wasn't enough. The B-47

would never be more than a medium bomber, a valuable weapon, to be

sure, but still something of a sideline. And at the Pentagon, the Air Force

was viewing its future as lying in the heavy bomber, with up to twice the

weight of a B-47 and well over twice the range.

What was more, in 1946 this focus of the Air Force's hope was

already in flight test. This bomber, the XB-36, showed that even in the

realm of piston-powered aircraft, there still was plenty of opportunity

for the audacious. It was a behemoth. Its sheer bulk and length, 162

feet, gave a sense of vastness that few aircraft would match until the

Boeing 747. In 1948 it would demonstrate its range when an Air Force

crew flew it from Fort Worth, Texas, to Hawaii with a full war load and

then returned to its base, for a total nonstop distance of eight thousand

miles. It mounted six of the largest piston engines ever built, Pratt &
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Whitney Wasp Majors. Each held 3,500 horsepower, as much as a

diesel locomotive. When one of these aircraft flew low and overhead,

you could feel the ground shake.

Nevertheless, the Air Force viewed it as an interim craft, able to

serve for a while but too slow for the jet age. Accordingly, even in 1946,

some advanced thinkers were already prepared to anticipate the use of

turbine engines in whatever would replace it. These would probably be

turboprops, which tantalized aeronautical designers. A turboprop

amounted to a lightweight gas turbine that would drive a propeller. It

offered greater speed and power than piston engines, better fuel econ-

omy than the turbojet. Turboprop planes would be slower than jets, but

nevertheless this engine pointed a clear path beyond the pistons of the

B-36.

Boeing's president, William Allen, was determined that his firm

would take the lead in pursuing such a path. Like his aerodynamicist

George Schairer, he had a keen eye for the main chance. He had grown

up in a small town in Montana's Bitterroot Mountains but had found

his way to Harvard. After earning a law degree, he returned to the

Pacific Northwest and joined a law firm in Seattle, then a boomtown

whose main industry was timber.

Turboprop engine, in which a lightweight gas turbine drives a propeller.

(Art by Don Dixon and Chris Butler)
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Allen started by handling the legal business of Boeing, a job that

paid him no more than $50 a month. But his career rose with the

company; at age thirty, in 1930, he won a seat on its board of directors.

During the next fifteen years, he became intimately knowledgeable

about the firm's finances.

Then in 1945, with the war nearly over, the company needed a new

president. Allen was a consensus choice but he resisted, believing him-

self to be unqualified. He finally succumbed and took the job, later

remarking, "I was incompetent. I told them so and they knew it was

true. I told each of them they were going to have to put out a little bit

more for that reason, and they did." He needed all the help he could get,

for as he was taking office, the Pentagon was canceling Boeing's war-

time contracts. The payroll was running at half a million dollars a day,

and when word of one large cancellation came in at three-thirty in the

afternoon, he rushed to close the plant before the four o'clock shift

change.

Undaunted, Allen decided to stake much of what was left by build-

ing the Stratocruiser, a new airliner with four piston motors. It would

amount to a commercial version of his C-97, a late-war Air Force

transport, and was the first airliner to use the powerful Wasp Major

engines of the B-36. Pan Am came in with an order for twenty. At Juan

Trippe's behest, Allen added a feature that people would appreciate: a

downstairs lounge reached by a spiral staircase, with sofas and a bar.

Boeing lost money on this venture, but it helped keep the firm's key

people together during the lean postwar years. Showing similar initia-

tive, Allen would go after more business from his main customer, the

Air Force.

In June 1946 Boeing won a contract to carry out studies of a post-

B-36 heavy bomber. Two years later the firm had a well-considered

design featuring four turboprops, promising ten thousand pounds of

bomb load for ten thousand miles. By then, however, the turboprops

themselves were in trouble. As a consequence of their high power they

would subject their propellers to unprecedented stresses. On one occa-

sion, representatives of three propeller companies and two engine firms

met with Air Force officials. They all said that because of problems with

vibration, they did not know how to build a shaft that would hold a

propeller to its turboprop engine.

In July 1948 the Air Force gave Boeing a contract to build two

prototypes of its big new bomber for test. The question of its engines

hadn't been settled yet, but Boeing, ever helpful, had come in with new
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studies showing that their turboprop design could use jets, possibly as

an interim measure. That would allow them to get their prototypes into

the air while engine-builders worked to solve the turboprop problems.

Otherwise, those problems would delay the new bomber by at least three

years. But by then a new prospect was causing heads to turn: refueling

in the air. With aerial tankers the restricted range of jet-powered bomb-

ers would not matter so much, because it could be increased at will.

Aerial refueling was an old story. In 1929 a group of Army fliers

had kept a Fokker trimotor airborne for 150 hours, nearly a week. They

had taken on fuel a total of forty-three times, using a hose, and they

would have stayed up longer except that one of their engines quit. A

decade later, refueling was a standard feature of the first British trans-

atlantic flights. Those exercises had involved low speed, however. No

one had any experience with refueling at the high speeds of postwar

bombers, let alone of jets. Nevertheless, in 1948 the drive for refueling

came from the top. In March of that year, before even basic experiments

had been conducted, Air Force Secretary Stuart Symington told the

Senate Armed Services Committee that new bombers, using "the most

modern development of refueling technique," could "bomb any part of

Russia and return to American bases."

That weekend, with rhetoric running ahead of flight experience, a

group of airmen borrowed some lengths of fire hose from a Boeing plant

in Wichita and proceeded with "Operation Drip." Their goal was to

transfer water between two B-29s in flight. During the first try, the hose

broke. On the second try a hauling line gave way. They borrowed new

hose from a fire station; it became tangled during the flight, and day-

light was fading before they finally got it unfouled. This time, though,

they made the connection, as a major in the receiving plane called,

"Water! Water!" Next came "Operation Gusher," high over the Kansas

wheatfields, with the goal of transferring six hundred gallons a minute

of high-octane aviation gas. The first new bomber that would benefit

from refueling was the B-47, and when the Air Force ordered it into

production in September, this service confirmed its commitment to the

new technique.

During those same months, Pratt & Whitney was preparing to

reinvent the jet engine. Since that firm had spent the war focusing

exclusively on its piston engines, in 1945 it was far behind General

Electric. It also faced competition from Westinghouse, another outfit

that had entered the jet-engine business following long experience with
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steam turbines and was building turbojets for the Navy. After the war,

Pratt & Whitney found a niche by building jets of British design. But

this way lay madness; it promised a future as a job shop, a place where

other companies once in a while might ask for a hand in production. To

catch up, the company would have to move with vigor.

A major engine-test laboratory would be a necessity, and in 1946

the board of directors approved an expenditure of $15 million to build

it. That was twice the value of the plants and equipment held within

United Aircraft, Pratt & Whitney's parent company. Fortunately, some

of the early facilities proved to be available on the cheap. The British

had a U.S.-built destroyer escort, HMS Bligh, that yielded up a pair of

6,000-horsepower propulsion units. Each comprised a boiler, turbogen-

erator, and electric motor and would serve for initial tests of jet-engine

compressors.

Other equipment offered similar bargains: four boilers for naval

cruisers that were on their way to a junkyard, twelve turbogenerator

sets from a half-dozen other surplus naval craft. These would run a

compressor test station of 21,500 horsepower, matching General Elec-

tric's own compressor lab.

It would take more than secondhand destroyer boilers, however, to

get into the game. "We faced a mighty tough situation," Leonard Hobbs,

the director of engineering, would later declare. "We were five years

behind the other companies. We decided that it would not be enough to

match their designs; that to get back into the race we must leapfrog

them-come up with something far in advance of what they were think-

ing about." He set his sights on an engine of ten thousand pounds of

thrust.

Hobbs had a research group that specialized in compressors and

turbines, and its director, Perry Pratt, came forward with the key con-

cept: the "twin-spool" engine. This would be a turbojet within a turbo-

jet, with two compressors mounted one behind the other and rotating

independently. Each would have its own turbine to provide drive

power. There also would be separate shafts, one spinning inside the

other, to connect each compressor with its turbine. The front compres-

sor, working at low pressure, would take in outside air and compress it

three- to fourfold. The rear compressor then would work with this air,

compressing it another three to four times. The two compressors to-

gether would multiply their effectiveness, producing a total pressure of

twelve atmospheres.
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In comparison to a conventional layout (bottom}, the layout of the twin-spool

turbojet contains one compressor followed by a second one, each driven by

its own turbine. This achieves high pressure within the engine, boosting

performance. (Art by Don Dixon and Chris Butler)
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Why was this important? Good engine performance demanded

high internal pressure, the higher the better. Increasing this internal

pressure would add to its overall efficiency, while allowing the engine to

deliver plenty of thrust from a compact and fairly lightweight package.

Piston engines already had gone far in these directions. Now, with the

twin-spool compressor, turbojets would follow. The fuel economy

would also increase, approaching twice the value of Germany's wartime

Jumo 004. This new engine was the J-57. In time, it would power

America's first jetliner.

Still, in 1948 the J-57 did not exist as a prototype or even as a

well-considered design. Rather, it had the status of a goal, though one

that Hobbs was well prepared to pursue, because he would soon have

his engine laboratory. The J-57 nevertheless was of great interest to

Woldemar Voigt, the man who had midwifed the design of the'

Messerschmitt Me 262 back when the world was young. He had come

to the States after the war and was working at Wright Field for Colonel

Pete Warden, a strong supporter of jets. Warden was also the man that

Boeing's managers tended to deal with in their day-to-day activities,

though as a mere colonel he was far below the levels where officials

would decide policy.

But the question of engines for the new heavy bomber was still

hanging in the air, and Voigt convinced Warden that it would be useful

to see what the Boeing people could do if they could fly with the J-57.

Warden in no way had the authority to order up the detailed studies

that might define the proper design for an all-jet version. But he could

at least invite the Boeing people to carry out a quickie study of such a

design, over a weekend.

It is part of aviation's drama that the concept of the B-52 bomber

emerged during just such a weekend, at the Van Cleve Hotel in Dayton,

Ohio, adjacent to the base. Edward Wells, the program manager, di-

rected the work; the pertinent engineering heads were present, and they

had enough data with them to do a creditable job. By Monday they had

a three-view drawing of the new aircraft, a performance estimate, a

model carved out of balsa wood, and a report of thirty-three pages.

Warden responded by instructing Wells to reduce significantly the effort

in Seattle involving the turboprop bomber and to shift resources into the

jet-bomber effort. He then confirmed this decision following meetings

with officials at the Pentagon.

The B-52 proceeded to emerge as an eight-jet bomber that indeed

would go on to replace the B-36. This represented another milestone
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along the road to the jetliner, for it showed that jets could power

aircraft that were both very large and vital to the national interest. No

longer would these engines raise doubts, at least within the Air Force.

They had won in competition over not only the piston engine but the

turboprop.

The next year, 1949, saw another milestone. The de Havilland

Comet entered flight test. At that time the standard aircraft in commer-

cial service was still the DC-3, with a cruising speed of 180 mph. The

Comet promised to raise this to 480. Also, while there certainly was a

strong flavor of government subsidy in the whole affair, the firm of de

Havilland was risking twelve million pounds of its own money as well,

the equivalent of some $34 million. Sir Geoffrey de Havilland was

pioneering as certainly as had Frank Whittle a decade earlier.

At Boeing a small design group had been studying concepts for

similar aircraft since 1947. After Ed Wells went over to England for a

look at the Comet, he had them work up a new design, incorporating

features of the B-47 and B-52. The ongoing studies had involved a

succession of paper aircraft known collectively as Model 473, and this

particular version would be 473-60C. During 1950 the aerodynamicist

Jack Steiner led a modest effort aimed at selling it to the airlines. He got

nowhere fast, and it didn't help at all that the engine they wanted to use,

the J-57, was a military secret. Juan Trippe was interested, but Steiner

recalls that in the industry at large, "There was no faith in jets. None."

The reason was that airlines, as commercial enterprises, in no way

could accept the costs and performance limitations of jets. The jet en-

gines that airline executives knew about were still fuel-guzzlers, and

aircraft that they powered would still be limited in range. Aerial refuel-

ing might be fine for the Air Force, but to a CEO it looked like sending

two aircraft to do the work of one. And the jet engines of the day

demanded much maintenance, which would drive costs even higher by

taking aircraft out of service, reducing their ability to generate revenue.

Ralph Damon, president of TWA, expressed a common view in the

industry when he said, "The only thing wrong with the jet planes of

today is that they won't make money."

With this, Steiner and his colleagues regrouped to try a different ap-

proach: that of pitching a similar design to the Air Force as a jet-powered

tanker. Tankers were drawing attention amid the burgeoning purchases

of new bombers. The Air Force had begun by installing fuel tanks in the

bomb bays of some 188 of its B-29s, of which it had plenty, along with
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refueling gear. This avoided the cost of buying new aircraft, but it had

a drawback: The modified bombers couldn't carry much fuel.

This became vividly apparent in February 1949, when a B-50,

Lucky Lady II, set out to fly around the world nonstop. Its commander,

Captain James Gallagher, was not seeking to outdo Phileas Fogg by

girdling the globe in eighty hours, though at ninety-four hours he came

close. Rather, he was out to demonstrate a little of the Air Force's

muscle, showing that aerial refueling could give its bombers as much

range as anyone might wish. Four refueling points lay along the route,

at the Azores, Saudi Arabia, the Philippines, and Hawaii. But at each of

them, not one but two tankers had to take to the air, requiring Gal-

lagher to rendezvous first with one and then the other.

The Air Force response was to plan a switch to yet another Boeing

product, the piston-driven KC-97 tanker, which indeed would have

ample capacity. It would amount to a C-97 transport fitted with large

fuel tanks and with the "flying boom," a rigid pipe that mounted small

wings. Crewmen could easily maneuver this boom into a bomber's fuel

receptacle, eliminating the need to wrestle with a clumsy hose in the air.

Yet the KC-97 offered problems as well. The peak of its speed barely

matched the lowest suitable value of the jet bombers' speed, making

refueling inconvenient. When it did take place, it typically occurred at

altitudes of only about fifteen thousand feet, where the air would often

be choppy. But a jet tanker could avoid all this.

So Steiner headed again for Wright Field to try anew. "We tramped

the halls till we were all unwelcome," he remembers. "They didn't want

what we had. It was, 4If you want to sell jets, go see someone else at the

other end of the building.'" In August 1951 the Air Force turned down

a formal Boeing proposal to build the jet tanker, and much of the reason

appears to lie in politics. It was Air Force policy to distribute its major

contracts as evenly as possible among the major planebuilders. Boeing

had walked off with three tasty pieces of pie--the B-47, B-52, and

KC-97--and still was back for more. And while the problems with the

KC-97 had not gone unnoticed, the view at Wright Field was that its

replacement should be a turboprop and not a jet.

Boeing now had sent its designs twice to bat at the plate; both times

it had struck out. Yet there was every reason to think that the company

could stay in the ball game by creating a new concept. Boeing surely

would get another turn at bat with the Air Force in a few years, and

could use the time to prepare a superior design. For the airlines, the J-57
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that Steiner couldn't talk about would soon be in the open. It might well

power a jetliner that would be large, fast, reliable, and economical,

offering a package that buyers would find irresistible.

Yet Boeing's William Allen could not simply order up a new design

and bring it through to production, for to do that would amount to

betting the company on a gamble. It would cost money to carry through

such a project, cash that could only come from Boeing's own coffers as

an up-front expense. Nor could Allen expect to recover these expenses

quickly, even if the plane were to sell well. Airline executives, their eyes

on their own bottom lines, would demand the lowest possible sticker

price. Boeing then could expect to turn a profit only through volume, by

selling hundreds of them, and that might take as long as a decade.

The strategy instead was to create a design that could serve both

military and civil needs and to sell it first to the Air Force as a tanker.

That service then would pay the cost of development while paying as

well for the tooling and production equipment-and much of this

would carry over to the civilian jetliner, reducing its up-front costs as

well as the financial risk. In particular, Boeing would use company

funds to build a prototype and then offer it to both the civil and the

military markets. The cost would be $16 million, a huge sum for a single

airplane. But the company could afford it, flush as it now was with

Korean War profits.

This plan nevertheless drew objection among Allen's own top ex-

ecutives. The problem was that Boeing had never built a financially

successful airliner. Its 247 in the 1930s had lost out badly to the

Douglas DC-2, while the 314, its graceful flying boat and the pride of

Pan Am, had brought a grand total of twelve orders. The firm had built

exactly ten of its prewar Stratoliners. And while passengers had warm

feelings toward the postwar Stratocruiser with its cocktail lounge, that

aircraft was costly to purchase and operate, and its Wasp Major engines

were unreliable and hard to maintain. No one had ever asked for an

improved version, and Boeing had built only fifty-six of them.

In reentering the commercial market, Boeing would go head to

head against Douglas, the world leader, as well as Lockheed. Neverthe-

less, in April 1952 Allen made the decision to build the prototype. It

already had the designation Boeing 707, by which it would become

famous. But Allen insisted that the emphasis would fall on selling it to

the Air Force as a tanker. In earnest of this, he christened it Model

367-80. Model 367 had been company parlance for the C-97, a plane that

had seen many variants. Pro forma, at least, here would be merely one
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more. This was Allen's way to invite people to stop skylarking about jet

airliners and settle down to the real business of a new military project.

The J-57 would be key to its success, and just then it was well in

hand. Its design had jelled during 1949, as it ran on the test stand for the

first time in February 1950. During the following year, tests in aircraft

began to show what it could do. In May 1951, a J-57 rode aloft in the

bomb bay of a B-50. The test pilot lowered it on a strut and started it

up, then throttled his four piston engines back to idle. Rather than

slowing down, his bomber flew even faster, reaching 370 mph. After

landing, he reported laconically, "This monster's got a lot of pizzazz."

Generals in the Pentagon felt the same way. North American Avia-

tion was working on a new fighter that would use the J-57, and the view

within the Air Force was that this would be the principal fighter for the

1950s. Accordingly, in January 1951, Air Force officials elected to call

it the F-IOO. Here was a nice round number that held the same signifi-

cance to them as the year 2000 holds for the rest of us: a century mark,

a major moment of endings and beginnings. Indeed, the F-IOO would

stand out as the first of the Century Series, a succession of fighters that

would aim for even higher performance.

The J-57 showed its power anew in April 1952 as eight of them

lifted Boeing's XB-52 into the air on its first flight. In May 1953, a

prototype of the F-IOO was at Edwards Air Force Base, ready for its

own first flight. As the aviation historian Bill Gunston would write,

"George Welch flew it on May 25. Lieutenant Colonel 'Pete' Everest,

flying chase in an F-86D, found he had to stay in afterburner to keep up

with the YF-IOO climbing in cold thrust. At 35,000 feet Welch ad-

vanced the throttle into afterburner--he said it gave him a blow 'like a

kick from a well-fed mule'--and left the F-86D standing. Two minutes

later Everest was advised by radio he owed Welch two beers: the F-IOO

had gone supersonic on the level."1 It was the first jet aircraft to break

the sound barrier in horizontal flight, rather than in a dive.

Still, while the Americans were building hot jets for the Air Force,

the British already had them in commercial operation. Early in May of

1952, the Comet entered service and astonished the world. The initial

routes connected London with Johannesburg, with stops in Rome, Bei-

rut, Khartoum, Entebbe, and Livingstone near Victoria Falls. Scheduled

time was under twenty-four hours, compared with over forty hours in

piston planes.

Very quickly the Comet demonstrated enormous appeal, acquiring

the cachet that the Concorde would win two decades later. Passengers
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bought up available tickets weeks ahead. What was more, its vibration-

free and relatively quiet ride offered a dramatic contrast with that of

conventional aircraft. Sir Miles Davis, president of BOAC, wrote, "To

compare it with an ordinary plane is like contrasting sailing with motor-

boating." One of the passengers, asked for her impression following her

first flight, put it more simply: "I fell asleep."

Its operating costs were nearly triple those of the DC-6. But it flew

with nearly every seat filled, and though BOAC charged only standard

fares, it found itself in the remarkable position of actually making

money with the new jets. That brought other airline executives over for

a look, including Juan Trippe. He met with Sir Geoffrey de Havilland,

who was promising a seventy-six-seat Comet III, and in October he

ordered three, with an option on seven more. This was a major break-

through. Everyone in the industry knew that this was how Trippe did

things, ordering new airliners in groups of three and then expanding his

purchases if things worked out. Here, then, was the dazzling prospect of

America's premier overseas carrier buying British aircraft.

The following year brought the Comet much more attention.

BOAC extended its Comet operations across the Middle East and India,

reaching Tokyo in April 1953. Air France opened Comet service be-

tween Paris and Beirut. UAT, an independent French carrier, began

flying Comets between Paris and destinations in West Africa, linking

cities that lay at far distances within the empire of France. The Queen

Mother gave royal approval to the Comet, as Princess Margaret accom-

panied her on a flight to Rhodesia. And the orders rolled in. The maga-

zine Fortune, noting that fifty-six had been sold and another fifty were

in "serious negotiation," declared that "1953 is the year of the Corona-

tion and the Comet."

Amid the cheers were words of alarm. Particularly upset was

Wayne Parrish, editor of the magazine American Aviation:

Whether we like it or not, the British are giving the U.S. a drub-

bing in jet transport. We've done our best to ignore their inroads

on the prized world market, we've smugly acknowledged their

valiant pioneering efforts, and we've thought up every sound,

logical reason why we aren't preparing to have jet transports

flying until 1958.

The U.S. is caught short for the very simple reason that the

British have been very un-British in developing and producing

and selling the Jet Comet. By all past experience the British
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should have started the Comet project with a great roll of drums

and tooting of trumpets, then fiddled and fussed around, made

vast promises which couldn't be fulfilled, and then permitted the

U.S. industry to capture the market. The trouble with this idea is

that de Havilland is a first-rate outfit which evidently forgot to

read the rules of the British Guide to Muddling.

So here we are, with blueprints by the thousands, with all the

reasons in the world for not rushing into jet transport, while the

Comet is doing the impossible. The Comet should not be flying

in scheduled service today. The Comet should not be sold to

Venezuela or Japan or Canadian Pacific or Air France. It can't be

produced in quantity. But the Comet is all of these things.2

The United States, for its part, was trying to launch nonstop coast-

to-coast flights, but with decidedly mixed results. TWA started its "Am-

bassador" service in October 1953, flying Super Constellations between

New York and Los Angeles. American Airlines followed a month later

along the same route, with DC-7s. But both carriers soon found them-

selves in thrall to prevailing winds that blew from west to east. Their

executives would have loved to fly nonstop in both directions, but the

best they could do was to make the eastbound trip nonstop. West-

bound, TWA still had to stop at Chicago.

American's C. R. Smith, determined to beat his rival, threw his

aircraft willy-nilly onto a nonstop schedule to Los Angeles. But his heart

of oak proved no match for union rules. It was written in stone, both in

the pilots' contract and in Civil Aeronautics Administration regulations,

that no pilot could be on duty for more than eight hours. With the

westerlies blowing, a flight to L.A. would take closer to nine. Smith

cajoled his men into flying nonstop anyway, but soon they were grum-

bling loudly. Then the CAA announced that it would waive the eight-

hour rule. Outraged, the pilots went on strike. Smith soothed them after

a month, with extra pay and benefits, and his pilots decided that a

further hour in the air might not be so bad after all. Still, amid these

mishaps, there was little to evoke the glamour of the Comet.

The airliners' Turbo-Compound motors were even more of a prob-

lem. "We had ten engine failures a day," declared TWA's vice president

for maintenance. His counterpart at American Airlines once walked

into a meeting and announced, "We have a hundred sick engines right

now." Denver was not a scheduled stop for this carrier, but it came

close to becoming one because those motors had a way of blowing a
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cylinder head while in flight. With unplanned landings it Denver be-

coming common, American took to stockpiling spare engines there.

Still, the United States too was building a jetliner. In Renton,

Washington, the 367-80, prototype of the Boeing 707, was coming

together at that company's plant. People called it the Dash-80. It had an

elegant appearance, and in mid-May of 1954 it was ready for public

display.

Boeing's public relations department prepared a ceremony that

would roll it from its hangar for the first time, just after a 4 P.M. shift

change. The rollout of a new airplane is somewhat like the entrance of

a queen, and the PR group took care to provide a band and to bring in

newsreel cameras. The Dash-80 itself, the center of attention, was

painted in yellow and coppery brown. The guest of honor was William

Boeing, the company founder.

Boeing had washed his hands of the firm nearly twenty years ear-

lier, selling his stock in bitterness after Senator Hugo Black had forced

the breakup of his corporate group, United Aircraft and Transport.

Though that breakup had damaged the company's prospects, it cer-

tainly had made a strong comeback. Now Bill Boeing was back as well,

aged seventy-two, watching with emotion as his wife Bertha swung a

bottle of champagne as if she were launching a ship. "I christen thee the

airplane of tomorrow," she exclaimed; "the Boeing Jet Stratoliner and

Stratotanker." The name amounted to a defiance of fate, for the original

Stratoliner of 1940 had sold all of ten copies.

On that May afternoon, as the jetliner stood ascendant near

Seattle, the de Havilland Comet was dying. Its death throes had begun

in January, with the loss of a BOAC model known as Yoke Peter that

carried the call letters G-ALYP. Significantly, it was the oldest Comet in

scheduled service, having made the initial flight from London to Johannes-

burg in May 1952. Twenty months later it was homeward bound from

Rome on the last leg of a flight from Singapore. It had just taken off and

had climbed through clouds, with the captain reporting that he was in

the clear at twenty-six thousand feet. A minute later, as he began a

second radio transmission, he was suddenly cut off. Italian fishermen

near the island of Elba saw his plane plunge in flames from the overcast,

falling into the sea. There were no survivors.

Here was matter for grave concern, but hardly a portent of utter

failure. Everyone knew that new airliners sometimes crashed; the Con-

stellation and DC-6 had done so and had gone on to build fine records.

All Comets were grounded, and the Admiralty launched a salvage op-
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eration that would grapple for the wreckage with guidance from under-

water TY cameras. But the initial accident investigation turned up noth-

ing firm, and a common guess was that sabotage had brought down

Yoke Peter. Late in March the planes returned to service.

Two weeks later it was the turn of another Comet, Yoke Yoke.

This time the disaster struck late at night, near the volcano Stromboli,

and again the plane crashed while climbing to altitude. The Comets

were grounded anew as the prime minister, Winston Churchill, ordered

a formal court of inquiry to determine the cause. A massive investiga-

tion soon was under way, with a twofold focus. The Royal Navy effort,

aimed at dredging up the remains of Yoke Peter, would continue, with

the recovered wreckage to be reassembled at the Royal Aircraft Estab-

lishment (RAE) in Farnborough. And particular attention would go to

a suggestion of BOAC's director of operations, Sir Victor Tait: that

metal fatigue had weakened the fuselage, allowing internal pressure to

burst it like a balloon.

Fatigue indeed had been in the forefront of concern during the

Comet's development. Engineers at de Havilland had tested the fuselage

with care, pressurizing and depressurizing it as many as two thousand

times. In other torture tests, hydraulic jacks repeatedly bent the wings,

forcing their tips up and down to three feet from their normal positions.

If fatigue had killed those Comets, it evidently was of a most unusual

sort. Fatigue usually struck only after a plane had been in long service.

Yoke Peter had accumulated only 3,682 hours of flight time, which in

the world of aviation was close to being fresh from the factory.

Sir Arnold Hall, director of the RAE, would lead the investigation.

He agreed that fatigue was a significant possibility, for the wing tests

had produced a fatigue crack after the equivalent of only sixty-seven

hundred hours of service. That flaw had been corrected, but perhaps not

well enough. He instructed his head of the structures department, Percy

Walker, to try to produce a fatigue failure in one of the grounded

Comets, Yoke Uncle, that now was available for study. Walker enclosed

its fuselage and tail within a watertight tank, with the wings sticking out

through seals. He proceeded to recreate the stresses of flight, flexing the

wings using jacks while raising and lowering water pressure in the

fuselage. Five minutes of such tests would simulate the strains of a

three-hour flight.

Late in June, after the equivalent of nine thousand flying hours, Sir

Arnold learned that Yoke Uncle would no longer hold pressure. Drain-

ing the tank, his investigators saw an eight-foot crack in the forward

160

fuselage near an escape-hatch window. In flight, such a crack might

have sufficed to destroy the airplane.

Further corroboration came in August, when an Italian trawler

brought up a large section of Yoke Peter's cabin roof. It showed a

similar crack passing through the corner of a navigational window.

Other Farnborough tests, blasting such a crack in a pressurized model,

soon were showing just what had happened. In as little as one-thirtieth

of a second, seats had begun to break loose and fly toward the break in

the roof. Then a pressure wave raced down the cabin, sucking seats and

passengers into empty space. In two seconds the cabin was empty, and

the people were dying of the injuries that an Italian pathologist had

noted: burst hearts, ruptured lungs, and fractured skulls.

Aerodynamic forces were also contributing to the breakup, for

Yoke Peter had been flying at high speed. These forces ripped the tail

and nose from the aircraft. Lacking stability, pancaking through the

sky, it brought its wings broadside-on to the air. The wings broke apart,

releasing floods of fuel that quickly ignited. Then the gutted fuselage,

with the remains of its wings, dived flaming into the sea.

In the long run, ironically, Percy Walker's methods of investigation

would bring new safety to the design of jets. They would offer the most

rigorous tests for fatigue, laying this problem largely to rest. But the

conclusions of the work were devastating. It would take four years to

redesign and recertify a new Comet IV, and by then the British would

largely be out of the game. Not only would they have only promises for

much of that time; they would also be saddled with the intrinsic limita-

tions of the Comet as a type.

Its design dated to the immediate postwar years, when its thirty-

six-passenger capacity counted as a long step forward. Even with its

forty additional seats, the stretched Comet FV would simply be too

small for the market. At 500 mph, it also would be too slow. Nor would

it offer the excellent economy and short-runway capability that might

put it in demand for short-haul routes. Britain was back to square one,

faced with the need to start over with a clean sheet of paper on the

drafting board. And Boeing had the Dash-80.

The new aircraft proved to be timely. In June 1954 the Air Force

Secretary, Harold Talbott, announced a competition to develop a design

for that focus of Boeing's hope, a jet tanker. Lockheed and Douglas

entered as well. But the Dash-80, making its first flight in July, offered

Boeing a clear opportunity. Its officials argued that regardless of the

decision in the competition, the Air Force should do itself a favor by
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buying some of its tankers as interim models. They would cost less

because they would be built on the basis of the already existing Dash-80

and would be available sooner. Less than a month after that first flight,

Talbott gave Boeing an order for twenty-nine such tankers, with the

understanding that the final order would total as many as a hundred.

Lockheed won the competition the following March, but its victory

proved hollow. The Air Force decided it could get what it wanted by

sticking with Boeing and elected not to pursue Lockheed's design. In

Jack Steiner 's words, "We got our nose in the tent and they never got it

out."

The new tanker, designated KC-135, would be built in government-

owned facilities using government-furnished tooling. William Allen

hoped to rent them for use in building jetliners, and in August 1955 he

won Talbott's assent after emphasizing that such rental payments

would "obviously be of substantial benefit to the Air Force and to the

country." This meant the new airliner could emerge from its larval form

as a tanker if only Boeing could win orders from the airlines. The firm's

representatives had been talking with them for three years, ever since

Allen's decision to build the Dash-80, but those discussions had

amounted to little more than having airline people come to kick the

tires. The time was at hand to seek firm commitments, for Boeing now

was feeling pressure from Douglas Aircraft.

Douglas Aircraft still lived as the lengthened shadow of its founder

and president, Donald Douglas. He was a full-blooded Scotsman, able

to play the bagpipes and to quote Robert Burns, and he certainly had his

full share of quirks. It said something of his view of things that his dog

Wunderbar, known as "the best-informed dog in aviation," would sit in

on meetings. He would not delegate responsibility; as many as twenty-

seven executives reported to him personally. There also was the matter

of his mistress, Margaret Tucker.

Their relationship dated to 1931. He had met her aboard his yacht

and later brought her into the company, giving her increasing responsi-

bility. When his wife, Charlotte, divorced him in 1953, he married

Margaret. In time he would give her the post of his personal assistant,

her name parallel with his own on organization charts. She controlled

access to his office; anyone who wanted to see him had to stand in her

good graces.

He nevertheless had great strength, and much of it lay in his per-

sonal integrity. William Patterson, president of United Airlines, knew it

at first hand from experiences such as one in 1947. The DC-6 had been
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catching fire in midair as gasoline overflowed through a vent. Douglas

phoned him and said, "Pat, I don't know what our warranty has to say,

but I want you to know that regardless of how the contract may read,

the Douglas company recognizes its moral obligation."

This integrity meant that people could deal with Donald Douglas

directly, over the phone, and could rely on his word. Further, with jet

airliners clearly in view, the company's managers certainly had not been

sitting on their piston-powered laurels. They were following their own

strategy, whereby they might play the tortoise to Boeing's hare.

A firm such as Douglas, master of the sky, would never have to

build anything so risky as a company-funded prototype or a design that

would seek to be all things to all people. Its president could sit back,

wait to see what Boeing was offering and what airline executives were

saying about it-and then move in with his own airliner. This could

incorporate newer technology and greater responsiveness to these ex-

ecutives' wishes. It might well prove to offer an advance over the Dash-

80. Douglas would then walk off with the orders, leaving Boeing to

survey the damage following one more failed attempt to find a foothold

in commercial aviation.

As early as 1952, Douglas had set up a Special Projects Office to

develop designs for what would become the DC-8. Later that year the

firm built a mockup, a full-scale wooden model with which to tempt

potential buyers. Its eventual design would prove to be virtually a dupli-

cate of Boeing's 707, with both airliners showing clear descent from the

basic B-47 configuration of the previous decade. Indeed, once in service,

the 707 and DC-8 were so similar in appearance that even experienced

air travelers could tell them apart only by focusing on details of their

engine struts.

But Douglas was no more prepared than Boeing to go ahead just

then. In May 1952, Donald Douglas stated that his firm "would not

have been able to start the design of a jet transport before now regard-

less of how many millions of dollars might have been made available to

us by the government for that purpose. There has been one controlling

factor all along which has prevented our going ahead regardless of other

factors. That is the question of engines. We are completely dependent

upon the military to develop these, of course, and it will not be until

1956 or 1957 that jet engines will reach the stage of development satis-

factory for commercial use."3 Like his counterparts in Seattle, Douglas

would have to wait for Pratt Oc Whitney's J-57, and that project was out

of his hands.
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It also didn't help that airline executives were quite happy with

their piston-powered equipment and were setting increasingly strict re-

quirements for what they would regard as a suitable jetliner. "We can't

go back to the jet," said American Airlines's C. R. Smith in 1953.

"Manufacturers are talking in terms of $4 million per plane and that is

without spare parts. With spare parts it may well reach $7 million. To

be any proposition at all the jet must be able to do what the present

plane, the DC-6B, does. That means operating costs should not be

higher than the DC-6B and it means that the jet should be able to fly

New York-Los Angeles or New York-San Francisco nonstop because

this is what the DC-7 will do. The jet shouldn't do any less than that. A

DC-7 will cost $1.5 million compared to at least $4 million for a U.S.

jet."4

But one industry leader, Juan Trippe, was ready to break the mar-

ket wide open. His Pan Am was both the biggest U.S. carrier and the

largest international airline, twice the size of BOAC, which served the

entire British Empire. Pan Am's profits were famous, for Trippe was

taking full advantage not only of high standard fares but of new busi-

ness spawned by tourist-class fares. And Trippe had a strong interest in

jets. As early as 1949 he had held serious discussions with Boeing,

though even in 1952 he had found that only de Havilland was ready to

quote prices and delivery dates. His order for Comets, however, had

given a clear indication of his thinking. And once he made his move,

everyone else would have to fall in step.

The reason was that while jets might offer dubious economics,

their popular appeal was vivid and unmistakable. The Comet had

shown that, carrying nearly full loads-and those loads in large part

had comprised passengers attracted away from other airlines' piston-

powered equipment. This meant that once Trippe put jets into service,

he could skim off the cream of everyone else's business. Other carriers,

particularly those serving the North Atlantic, would buy jets or lose

their shirts. And while Pan Am held no domestic routes, that would be

cold comfort to the likes of American and United. Trippe competed

directly with TWA, which was a major domestic carrier. His Latin

American and Pacific services competed with routes held by Eastern,

Braniff, Northwest, and Delta. And with Trippe free to move jetliners

around his route map like a queen across a chessboard, all these airlines

would have to respond or face checkmate.

In addition, Trippe was well prepared to use his bargaining power

to play off Douglas against Boeing until he got the airliners he wanted.
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He had no doubt about his goal: a jetliner that could cross the Atlantic

nonstop, with no need to refuel in Newfoundland. This was more than

anyone was offering, for to get such a plane Trippe would need an

engine even more capable than the J-57. Fortunately, such a design was

in development at Pratt & Whitney as the J-75. It was to be another Air

Force power plant, built to the same principles as the J-57 yet offering

more thrust, but it was several years down the road.

Trippe asked Fred Rentschler, who was still chairman at Pratt &

Whitney, to put the J-75 into production. Rentschler refused, and he

had reasons. The new engine was to achieve its performance in part by

using advanced metals that would permit higher temperatures, and it

would be some time before these new alloys could demonstrate the

reliability that an airline would demand. Trippe's answer was to turn to

Rolls-Royce in England, broadly suggesting that if his own countrymen

couldn't sell him a transatlantic engine, maybe he would have better

luck elsewhere. That was enough to give Rentschler second thoughts.

He could, after all, build an interim version of the J-75, a simple scale-up

of the J-57 that would use well-tried materials, and he could deliver them

in mid-1959, with performance guarantees in the contract. Trippe re-

sponded by ordering 120 of them, which with spare parts would come to

$40 million. He had no airliner to hang them on, but he could fix that.

Spurred by Trippe's interest, Douglas's board of directors agreed in

June 1955 that the DC-8 would go into production if the company

could nail down fifty firm orders. Very quickly Boeing began to see, in

the words of one of its officials, that the Dash-80 "was a millstone

around our necks." Douglas, with no prototype, "had a rubber airplane

and could promise anything." In particular, Douglas could promise that

the DC-8 would accommodate either the J-57 or the J-75 once the latter

became available. That would allow the Douglas craft to carry more

fuel for longer range. Boeing, by contrast, stood committed to the J-57.

It could win flexibility in choice of engine only by sacrificing common-

ality with the Air Force's KC-135 tanker, and William Allen didn't want

to do that.

Then on October 13, Trippe took the world's airlines into the jet

age. The occasion was an industry meeting at the Waldorf-Astoria in

Manhattan, and he hosted a party for an executive committee in his

apartment on Gracie Square overlooking the East River. In the words of

his biographer, Robert Daley, he "moved through the crowded room

shaking hands, flashing his most ingratiating smile, mentioning in the

most casual kind of way that he had just bought forty-five jet airliners,
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and that the news was even now being released to the papers. As his

guests grasped the import of this, whole corners of the room fell

abruptly silent."5 The order was for twenty 707s and twenty-five DC-Ss.

The cost would be $269 million, the largest purchase in the industry to

date.

For Boeing this announcement brought consternation. Frank Gled-

hill, Trippe's vice president and chief purchasing agent, emphasized that

his boss's preference was really the DC-8. It would have the range to fly

the Atlantic nonstop, whereas the 707 would do this only if the winds

were right. Pan Am still wanted the 707, but only because it would be

available sooner. Once Douglas's jets were ready, Trippe would sell his

707s and go over completely to the DC-8.

For Allen, this moment carried the hinge of decision.

As of that moment, the 707 still had Air Force written all over it. It

was to use the J-57, a military engine. Its airframe would amount to a

warmed-over version of the KC-135, while its tooling and production

facilities would also be government owned. But as Allen well knew, it

was another question altogether whether he could use military technol-

ogy to win success in the civilian world. He had faced this very question

only a few years earlier with the Stratocruiser and had failed dismally.

The Stratocruiser had taken form as a commercial version of the

Air Force's C-97 transport, and that ancestry had shaped its fate. Its

design characteristics, required to meet military needs, had produced an

airliner that was excessively costly. Further, its heavy weight necessi-

tated using Wasp Major engines, which lacked reliability. Nor was there

any easy way out; no straightforward design changes had been available

to turn the Stratocruiser from an ugly duckling into a graceful swan. In

the end, the Air Force had bought nearly nine hundred C-97s in both

transport and tanker versions. But when it came to the Stratocruiser, the

order books had shown total sales of only fifty-six.

Now the 707 stood on the verge of similar failure, and this pre-

sented Allen with three choices. None of them were pleasant.

He could abandon the 707 altogether, of course. No one would

fault him if he did, for within this industry everyone understood that a

company could cancel such a project if it failed to receive enough or-

ders. And such a decision would not even hurt the company's balance

sheet, at least for the moment, for Boeing was predominantly a builder

of bombers and other military craft.

Yet even in 1955 it was already clear that the future would lie in

missiles. Many of Boeing's competitors already had major programs

166

under way in this new area: Lockheed, Convair, North American,

Douglas, Martin. Boeing was far less ready to lead in this field. Through

their focus on missiles, these competitors were positioning themselves to

take future Air Force business away from Boeing. That service was

turning increasingly toward them, and Allen knew it. As he looked to

the long term, he could see that his bombers and transports might offer

an increasingly shaky base for the company's prospects. He could not

abandon the field of airliners, then, not if he hoped to see continuing

prosperity. To the contrary, he would have to give this market his best

effort.

Alternatively, Allen could go ahead with production of the 707 in

its present form. But in doing so, he would be building another Strato-

cruiser, offering what the Air Force wanted and not what Trippe and

the airlines wished to have. And even with its present design, the 707

would demand much more cash to carry through with its production.

Allen then might make these further investments, build the limited num-

ber that Trippe would reluctantly purchase-and take a financial bath.

For in no way would those modest sales cover his up-front costs.

A third alternative would call for major design changes: a new and

larger wing, along with engine and fuel installations capable of accom-

modating the more powerful J-75 turbojet. These changes, though, would

be quite costly in their own right. They also would turn the 707 into a

very different airplane, having rather less in common with the tanker. It

would need production equipment all its own, further driving up costs.

And even if he threw in this additional money and made the changes,

the 707 still might fall short against the formidable competition of

Douglas. If that were to happen, Boeing again would take a bath.

Allen was the man on the spot, and he made his move deliberately.

Thoroughly conservative in style, he was the consummate corporate

attorney who had risen to become a senior executive. Like a judge

taking testimony, he knew how to lead by listening. In Schairer's words,

"Anytime there was a big decision to be made, he'd call all the interested

parties in and he'd go around the table asking for opinions. He'd just sit

there writing in a notebook he always carried into a meeting. As each

spoke, Allen wouldn't say anything himself except to ask a question

now and then. He refused to make any decision, or to provide any

leadership, until he had gone completely around the table listening to

everyone have his say."6

In essence, the question he faced was whether to reverse the policy

he had followed since 1952. We have seen that then, following lean

167

postwar years, he had taken the view that it was essential to have the

707 program ride piggyback on that of the Air Force tanker. This meant

he would seek the largest degree of commonality between the two air-

craft. So far as possible, he also would build them in the same facilities,

using common tooling and jigs.

But the ensuing years had been good to the company, filling its

coffers with cash from sales of its bombers and tankers. At the financial

level, at least, Allen now had the necessary corporate resources. He

could cut the umbilical cord that bound the 707 to the Air Force,

reshaping the design to meet the demands of Juan Trippe. Further, he

could launch an extensive program of customized designs, introducing

other major modifications to meet the needs of other airlines.

These changes would carry a price. Each major modification

would carry the need for a correspondingly different set of tooling. It

would also call for its own program of design reviews within the CAA,

along with additional flight tests to meet legal requirements for aircraft

certification. There then would be much less cost saving from sharing

resources with the KC-135. To break even financially, Boeing would

have to sell many more 707s than Douglas would DC-8s.

There was more. To hold to his existing policy of maintaining

commonality with the KC-135 would amount to standing pat. It might

have appeared the more conservative course, but in fact it would consti-

tute a refusal to respond to market demands. It would expose the 707

effort as a mere gamble, with fate rather than skill as the determiner.

By contrast, to break commonality would open a different pros-

pect. It would permit Allen's associates, with their skills and talents, to

win genuine advantage. Though such a decision would not in itself

assure success, it could put success within reach. Rather than offering

one more failed challenge to Douglas, Boeing then might indeed emerge

as a genuine competitor. Allen's choice was to spend a good deal of

money to no decent purpose or to spend a larger sum with the prospect

of winning a serious place in the world of the commercial airliner.

To proceed along this new course then would not be a gamble, but

something far different: an acceptance of risk. Allen showed that he

understood the difference. By doing so, he set Boeing on a course that

would take it to unquestioned leadership.

The consequence, for several senior managers, was a weekend that

strongly resembled the one in Dayton's Van Cleve Hotel in 1948. Then

the goal had involved launching the B-52; now, seven years later, it was

to save the 707. Again the locale was a hotel suite, that of Allen himself
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in Manhattan's Ritz Tower. Again Ed Wells was in charge, as these

managers gave approval for the larger wing and for modifications that

would accommodate the J-75. This new version would be the 707 Inter-

continental. It would stand as Boeing's initial bid to match the compe-

tition.

Twelve days after Trippe's announcement, United Airlines made its

own decision. It had built a mockup with a 707 cabin interior at one

end and a DC-8 cabin interior, three inches wider at the other. Seating

in both was six abreast, which meant that every inch would count, and

visitors had preferred the roomier DC-8 cabin. William Patterson, the

airline's president, then declared that he was ordering thirty DC-Ss. For

Boeing this was a serious blow. Early in November, National Airlines

also ordered DC-8s.

American Airlines, the largest domestic carrier, would be the next

to decide. If it went for the DC-8, the trend might become overwhelm-

ing. And American had been studying jets jointly with United. Further,

in the words of Orval Mosier, its vice president of operations, "Our

preference for doing business, our history, was all with Douglas." It

was, after all, Mosier's boss, C. R. Smith, who had cajoled Douglas into

launching the DC-7 program when he could easily have driven across

town to order the Super Constellation.

But Smith was not going to let anyone put him in Donald

Douglas's pocket. In Mosier's words, "Douglas's design was only on

paper, and the company had no experience designing big jets. It wasn't

an easy decision; Boeing had been out of the commercial field for some

time. But we saw that here was a manufacturer who not only had built

jets but had a prototype we could fly, study and correct." Boeing also

could offer earlier deliveries.

Still, the narrow fuselage of the 707 remained a sticking point.

Smith stated flatly that he would not buy the Boeing product unless it

was wider than the DC-8. "So we widened it," said Wellwood Beall, the

company's number-two man--"by four inches." The 707 now would

have even less commonality with the KC-135, but this change allowed

Boeing to win literally by an inch. On November 9, Smith announced

that he would buy thirty 707s.

During the coming months, Boeing would repeatedly offer other

custom versions. For Braniff, serving high-altitude airports in South

America, Allen offered the standard 707 with the IntercontinentaPs

more powerful J-75 engines. Qantas would receive thirteen short-body

707s, built for that airline alone. To win United's business, Boeing went
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on to craft still another short-body variant called the 720. People took

to saying that the company had a machine that turned out fuselage in

one continuous stream that customers could cut to order, like sausage.

With this strategy, ironically, Allen was reversing his position

against Douglas. The 707 had started as the Dash-80, a single design

that was to serve all users. But the start-up costs of the DC-8 were

leaving Douglas deep in debt, with much less ability to customize its

offerings. Increasingly it was the DC-8 that amounted to the one-size-

fits-all aircraft, for Donald Douglas would demonstrate that he had far

less freedom to meet his customers' wishes by Grafting a variety of

different aircraft.

Even so, at the end of 1955 Douglas still held the lead in total sales.

But during 1956, as Boeing's new strategy took hold, the 707 outsold

the DC-8 by a margin of three to one. At the end of that year it was

Boeing that held the lead, and after that the Seattle planebuilders were

never surpassed. In the end, Boeing would sell nearly a thousand 707s

in all models, while Douglas would sell only 556 of its DC-Ss.

In effect, Allen was conducting a duel with Douglas, with tanks of

capital as the weapons. Allen's deeper pockets put him in position to sell

more airliners in the long run and hence to leverage his outlays into

greater sales. Douglas, hamstrung by a less lavish bank account, would

also invest large sums-but would wind up with much less to show for it.

Boeing's financial advantage would prove to be as significant as

that enjoyed by Britain two centuries earlier during the wars that

brought that country to world power. Amid burgeoning trade and

sound financial policies, the Crown after 1740 could borrow large sums

at interest rates of 3 to 4 percent. Bishop Berkeley had declared that

credit was "the principal advantage that England hath over France."

The historian P. G. M. Dickson would write that Britain therefore was

able to "spend on war out of all proportion to its tax revenue, and thus

to throw into the struggle with France and its allies the decisive margin

of ships and men without which the resources previously committed

might have been committed in vain."

The Boeing-Douglas struggle for market share was not the Seven

Years War. But Allen and Douglas, like the kings of that earlier era,

both were seeking empire and glory by placing large sums at risk. And

in both these contests the margin separating victory and power from

defeat and devastating loss had proven to be painfully thin.

