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The First Refueling 

On June 27, 1923, at an altitude of about 500 feet above Rockwell 
Field on San Diego's North Island, two U.S. Army Air Service airplanes 
became linked by hose, and one airplane refueled the other. While only 
seventy-five gallons of gasoline were transferred, the event is memorable 
because it was a first. The summer of 1998 marks the seventy-fifth an- 
niversary of the use of this elementary technique of range extension.' 

The airplanes were de Havilland DH-4Bs, single-engine biplanes of 
4,600 pounds. First Lt. Virgil Hine piloted the tanker; 1st Lt. Frank W. 
Seifert occupied the rear cockpit and handled the fueling hose. Capt. 
Lowell H. Smith flew the receiver while 1 st Lt. John Paul Richter handled 
the refueling from the rear cockpit. The refueling system consisted of a 
fifty-foot length of rubber hose, trailed from the tanker, with a manually 
operated quick-closing valve at each end. The process is best described in 
terms of "you dangle it; I'll grab it." 

After six hours and thirty-eight minutes, and only one refueling, en- 
gine trouble in the receiver terminated the flight. Recognizing that a sec- 
ond refueling plane would provide more safety and flexibility, the next at- 
tempt included a third DH-4 as the second refueler. Its crew members 
were Capt. Robert G. Erwin and 1st Lt. Oliver R. McNeel, who became 
the world's second refuelers. On August 27 and 28, with fourteen midair 
contacts, tankers operated by Hine and Seifert and Erwin and McNeel 
kept Smith and Richter in the air over a prescribed track for thirty-seven 
hours and twenty-five minutes (see Appendix 1 for a schedule of refuel- 
ings and deliveries), and set a world record for endurance. The track flown 
was 3,293 miles, about the same distance as that from Goose Bay, 
Labrador, to what was Leningrad in the Soviet Union. 

On October 25, 1923, to demonstrate a practical application for in- 
flight refueling, Smith and Richter took off from Suma, Washington, near 
the border between the United States and Canada and headed south. In the 
vicinity of Eugene, Oregon, they were refueled in two contacts by Seifert 
and Hine, and a few hours later over Sacramento, California, they were re- 
fueled in two contacts by Erwin and MclVeel. Little more than twelve 
hours after leaving Suma, Smith and Richter circled the customs house at 
Tijuana, Mexico, and then landed at Rockwell Field in San Diego.* This 
border-to-border nonstop flight of 1,280 miles demonstrated how an air- 
plane with a normal range of 275 miles could have its range quadrupled. 

It's possible to confuse "firsts" with "beginnings," and these earliest 
efforts at inflight refueling proved to be firsts in quest of a beginning. In 
1923, Army aviation had not yet recovered from the chaotic demobiliza- 
tion of 1919 and from its straitened budgets. As a result, the Rockwell ex- 
periments were dismissed as stunts+specially after November 18, 1923, 
when an airplane was wrecked and a pilot killed while trying to demon- 
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strate aerial refueling during an airshow at Kelly Field, Texas. This was 
aerial refueling's first fatal accident and, in the absence of a practical ap- 
plication for such refueling, for more than a quarter-century thereafter it 
was also its only fatality. Shortly after the Rockwell Field demonstrations, 
the British and French air forces conducted some brief inflight experi- 
ments, but they, too, could find no practical use for the technique. Aerial 
refueling was a solution in search of a problem. 

The Question Mark and Its Answer 

In June 1928, the Belgian air force modified a pair of de Havilland bi- 
planes into a tanker and a receiver and engaged in a refueling operation 
that stayed aloft for sixty hours and seven minutes. Given the minuscule 
size of Belgium (1 1,78 1 square miles-little larger than the state of Mary- 
land), the purpose of this operation is unclear. But some 3,600 miles west- 
ward, at Washington, D.C.'s Bolling Field, it inspired 1st Lt. Elwood 
"Pete" Quesada to plan a similar venture. His plan had nothing to do with 
the Army Air Corps; rather, he developed it with a U.S. Marine Corps avi- 
ator at the nearby Anacostia Naval Air S t a t i ~ n . ~  When told of Quesada's 
plan, Capt. Ira Eaker, then working in the office of the Assistant Secretary 
of War for Air, appropriated it for the Air Corps alone, and obtained the 
support of Maj. Gen. James E. Fechet, Chief of the Air Corps. F. Trubee 
Davison, Assistant Secretary of War for Air, however, wanted more than a 
publicity stunt and would agree to the operation only if it led to a military 
application. 

What became the much-publicized Question Mark operation went 
forward with a Fokker C-2A trimotor, a high-wing monoplane of 10,935 
pounds, modified into the receiver. Its two 96-gallon wing tanks were 
supplemented by two 150-gallon tanks installed in its cabin. After fuel 
was received into the cabin tanks it had to be pumped by hand to the wing 
tanks, from where it gravitated to the engines. In addition, there was a 45- 
gallon reserve tank for engine oil. A hatch was cut in the plane's roof to 
receive the refueling hose and other materials. On each side of its fuse- 
lage, the Fokker was painted with a large question mark intended to pro- 
voke wonder at how long the airplane could remain airborne. Its crew 
consisted of Maj. Carl Spatz (who had not yet changed the spelling of his 
surname to Spaatz), Capt. Eaker, 1st Lts. Harry A. Halverson and Elwood 
Quesada, and S/Sgt. Roy W. Hooe. 

Two Douglas C-1 single-engine transports, 6,445-pound biplanes, 
were transformed into tankers by installing two 150-gallon tanks for off- 
loading and a refueling hose that passed through a hatch cut in the floor. 
Tanker No. 1 was flown by Capt. Ross G. Hoyt, 1st Lt. Auby C. Strick: 
land, and 2nd Lt. Irwin A. Woodring. Tanker No. 2 was flown by 1st Lt. 
Odas Moon and 2nd Lts. Joseph G. Hopkins and Andrew F. Salter. By the 



The cabins of the receiver (left) and the tanker. In the receiver, the fueling 
hose was placed in the funnel, which fed the cabin tanks under the duck 

boards at center. The tanker's refueling system has three gate valves, 
a levered quick closing valve, and a strainer in front of the hose. 

end of 1928, this small force was concentrated at the Metropolitan Airport 
in Van Nuys. 

On the face of it, using the Los Angeles municipal airport at Mines 
Field, El Segundo, made more sense for lifting the heavy loads the tankers 
carried: it was only 150 feet above sea level. By comparison, the newer 
Metropolitan Airport had an elevation of 799 feet. Metropolitan's manag- 
er, veteran aviator Waldo Waterman, wanted to put his new airport "on the 
map" and he argued hard for his facility. Neither airport had hard, all- 
weather runways, but the weather at Metropolitan was better and more re- 
liable. Then, as now, Los Angeles was susceptible to temperature inver- 
sions that created what even in 1929 was being called "smog." Waterman 
made the better climate at Metropolitan one of his selling points and did 
everything he could to accommodate the Air Corps. 

The almost anonymous "master of ceremonies" of the Question Mark 
endeavor was Capt. Hugh M. Elmendorf, who was in charge of ground 
operations and logistics. Radio communications were not used between 
the Question Mark and the ground because aircraft radios in 1929 were 
big, heavy, delicate, and unreliable, and a system for shielding the radio 
from the interference created by radiations from an engine's ignition sys- 
tem was not yet available. Instead, communications were accomplished 
with flags, flares, and flashlights; spreading cloth panels on the ground; 
dropping weighted message bags; and sending fighters aloft with mes- 
sages whitewashed on their fuselages. 

The operation got under way on New Year's Day in 1929. The Fokker 
receiver flew a "racetrack" pattern over the 110 miles between Metropoli- 
tan Airport in Van Nuys and Rockwell Field at San Diego. Hoyt's tanker 
was based at Rockwell, Moon's at Metropolitan. However, on occasions 



The Questiori Mark and tanker (top): the crew, after 150 hours in the air 
(left to right): two flight surgeons, Maj. Carl Spatz, Capt. Ira Eaker, 
Lt. Harry Halverson, I st Lt. Elwood Quesada, and SSgt. Roy Hooe. 



Aviation's invisible men of 
1929 and one of their invisible 
tankers: on the landing gear, 
Capt. Ross G. Hoyt; on the 
wing, 1st Lt. Odas Moon; on 
the ground left to right, Lts. 
Auby C. Strickland Joseph G. 
Hopkins, Andrew F. Salter, and 
Irwin A. Woodring. The men in 
the cockpit are anonymous me- 
chanics. 

when weather along the coast deteriorated, Hoyt moved his operation to a 
civilian airport at Imperial Valley, but the dust there was almost as bad as 
the coastal fog. 

In the course of the operation, the tankers made forty-three takeoffs 
and landings. Hoyt flew twenty-seven sorties, ten of them at night; Moon 
flew sixteen sorties, two at night. Altogether, they delivered 5,660 gallons 
of fuel (33,960 pounds), 245 gallons of engine oil (1,838 pounds deliv- 
ered in forty-nine five-gallon cans), and storage batteries, spare parts, 
tools, food, clothing, mail, and congratulatory telegrams. Although the 
success of the operation clearly depended on the tankers, no one sent any 
telegrams to Hoyt, Moon, or their crews. With two of the Question Mark's 
three engines almost reduced to junk, the operation ended on January 7, 
1929, after 150 hours and 40 minutes. The ultimate unreliability of the en- 
gines resulted from having no adequate means for lubricating their rocker 
arms, the linkage that operated the engines' ~ a l v e s . ~  

In a ceremony at Bolling Field on January 26, 1929, the Air Corps 
decorated each member of  the Question Mark's crew with the Distin- 
guished Flying Cross. Those who flew the tankers had to console them- 
selves with the Biblical assurance that it is more blessed to give than to re- 
ceive. At some later date letters of commendation were slipped quietly 
into their 201 files.* 

The flight of the Question Mark inadvertently established a precedent. 
Thereafter, in any operation involving inflight refueling, all accolades 
would be heaped on the crews of the receivers; only anonymity awaited 

*Forty-seven years after the event, in a small ceremony in the Pentagon on May 26. 1976, Hoyt 
and Hopkins finally were awarded the Distinguished Flying Cross for their refueling labors of 1929; 
the four other rehelers of 1929 were deceased. See Air Force Magazirie. Vol 59 (Jul 1976), 22. 



the refueler crews who made the operation possible--and successful. 
Those crews became "invisible men," and for a half-century before stealth 
technology was invented they operated more than a thousand "invisible" 
airplanes. 

The Question Mark operation was predicated on its potential military 
utility. Five months later, in the spring of 1929, the Army Air Corps pre- 
pared a more formal demonstration of aerial refueling's military useful- 
ness at the Fairfield Air Depot near Dayton, Ohio, in conjunction with an 
annual Army war game being played in maneuvers in eastern Ohio and 
western Pennsylvania. A Keystone B-3A bomber serving as a receiver 
was to take off from Dayton (accompanied by a Douglas tanker), be re- 
fueled over Washington, D.C., at the end of the workday for maximum 
publicity, and then continue to New York City, where it would drop a flash 
bomb over the harbor. Returning, the bomber would again be refueled 
over Washington, D.C., and then proceed to its base in Ohio.5 

For this operation the Air Corps should have reflected on a bit of pre- 
1914 Prussian Army humor regarding peacetime maneuvers: "In the event 
of rain, the war will be held indoors!" A network of thunderstorms stood 
between Ohio and Washington. The bomber and tanker soon became sep- 
arated an4 although the bomber managed to get through, icing conditions 
forced the tanker down at Uniontown, Pennsylvania, where it got stuck in 
the mud of soft field conditions. The bomber had enough fuel to push on 
to New York City and then back to Washington, but the tanker was still 
grounded at Uniontown. There were no aerial refuelings. 

This operation was supposed to demonstrate the "answer" to the 
Question Mark. Afterward, as far as the U.S. War Department and Air 
Corps were concerned, the answer was "Forget it!" For the next twelve 
years, they did exactly that.6 

Aeronautical Flagpole Sitting 

The Question Mark operation was too late to be a first, and to the ex- 
tent that it was a beginning, it provoked an epidemic in aerial refueling 
among American aviators, each determined to set a new record for flying 
in circles. This phenomenon approximated the American craze of flagpole 
sitting that reigned for a few years in the 1920s. Within five months, a team 
at Fort Worth, Texas, exceeded the Question Mark's time by staying up for 
172 hours. This recordbreaking went on and on through 1929, 1930, and 
beyond 193 1, ultimately extending the record to hundreds of hours. 

The only significant flight among these ongoing circuses occurred 
August 15-20, 1929, when N. B. Mamer and Art Walker, with the logis- 
tics support of the Texas Oil Company, used a Buhl Sesquiplane named 
Spokane Sun God to fly nonstop from Spokane, Washington, to New York 
City with five refuelings en route. Without landing at New York, they 



turned around and flew back to Spokane, refueled in flight all the way-a 
nonstop flight of 115 hours and 45 minutes over a distance of 7,220 miles. 

The difficulties experienced by the tankers that served Mamer and 
Walker went unnoticed. The first refueling over San Francisco was rou- 
tine, but the next took place at Elko, Nevada. Elko's altitude is 5,135 feet 
above sea level, and the tanker had to struggle to get into the air with a 
marginal load. The next two refuelings took place in Wyoming, at Rock 
Springs (6,760 feet) and at Cheyenne (6,156 feet). In August these air- 
ports were not only high, but hot, which further reduced air density. After 
Cheyenne, however, it was "down-hill" to New York. Once past the conti- 
nental divide, the Alleghenies were hardly noticed. Mamer and Walker 
provided the first demonstration of inflight refueling as a means of range 
extension-as distinct from endurance-since the Army Air Service's 
border-to-border flight of 1923. Unfortunately, their demonstration was 
lost in the hoopla of circular flight "records."' 

Later in 1929, emulating Mamer and Walker, Ira Eaker and the Boeing 
Airplane Company put together a transcontinental refueling operation 
known as the "Boeing-Hornet Shuttle." The purpose, it seems, was to ad- 
vertise the reliability of the new Pratt & Whitney R- 1690 Hornet engine. A 
Boeing Model 95 mailplane, a 5,840-pound, single-engine, open-cockpit 
biplane powered by the new Hornet engine, served as the receiver. Eaker's 
copilot and hose handler was 1st Lt. BernardThompson. 

The operation started from Oakland, California, on August 27, a few 
days after Mamer and Walker's flight. At Elko, Nevada, and Cheyenne, 
Wyoming, Eaker and Thompson's plane was refueled by Boeing 40B 
mailplanes modified into tankers. Over Cleveland, Ohio, and Mitchel 
Field, Long Island, New York, they were served by the two Douglas 
tankers of the Question Mark operation. Their flight from the west coast 
took twenty-eight hours and fifteen minutes. After refueling over Mitchel 
Field, Eaker and Thompson turned west for Oakland. In the return refuel- 
ing over Cleveland, however, the tanker operator accidentally dropped a 
five-gallon can of oil on the receiving airplane. This thirty-eight-pound 
missile inflicted serious damage on the receiver's upper wing and the 
flight had to be terminated at Cleveland. 

A second attempt was made, starting from Mitchel Field on Septem- 
ber 2. The transcontinental flight to Oakland went well, but while return- 
ing eastward, between Salt Lake City, Utah, and Cheyenne, Wyoming, a 
fuel stoppage caused the engine to quit. Fortunately, it was daylight and a 
successful crash landing was made in a canyon; the airplane, however, 
was reduced to salvage. That was the end of Ira Eaker's career in aerial re- 
fueling and of the Boeing-Hornet Shuttle-without a totally successful 
round-trip.8 

The U.S. aerial refueling record-setting craze ended June 4-July 
1,1935, when James Keeton and William Ward kept brothers Alan and 
Fred Key and their Curtiss Robin receiver, named Ole Miss, in the air for 



653 hours and 34 minutes-twenty-seven days. Keeton and Ward flew 
their Curtiss Robin tanker in 113 takeoffs and landings and, in 484 midair 
contacts, delivered approximately 6,000 gallons of fuel, 300 gallons of 
oil, food, spare parts, and even medical advice. Both the tanker and re- 
ceiver were single-engine, cabin planes of a nominal 2,500 pounds. The 
record of the Key brothers and Ole Miss has remained unbroken to this 
day. Since 1955 the Ole Miss has been on exhibit at the National Air and 
Space Museum in Washington, D.C.9 

Refueling at Farnborough 

Meanwhile, the widely publicized Question Mark operation had re- 
vived British interest in inflight refueling, and in 1930 the Royal Aircraft 
Establishment at Farnborough initiated a series of experiments that con- 
tinued until 1937-albeit with quiet speculation about the technique's 
utility continuing for some years thereafter. Those efforts had less to do 
with range extension than with permitting an airplane to take off with a 
light fuel load and then filling it up, or overloading it, in flight. 

Initially, Royal Air Force (RAF) officials expected that inflight refuel- 
ing would provide relief for flying boats, which typically had long, hard, 
hull-punching takeoff runs on the water. Later they expected it would per- 
mit bombers to maximize their payloads in the face of treaty restrictions 
on the size of bombers the League of Nations was then considering. Al- 
though it now seems quaint, it was also hoped that it would save wear and 
tear on the grass airfields that were common in RAF service.1° The most 
unusual aspect of this work was contributed by L.H.B. Larrard, a Farnbor- 
ough engineer, who published the first analysis of the possible benefits of 
inflight refueling; Larrard gave the world its primer on the subject." 

The Farnborough experiments used a variety of airplanes, all of them 
biplanes. None had a speed exceeding 110 mph, and the RAF flew most 
refueling experiments at 80 to 90 mph. The hardest problem was develop- 
ing a technique for the fueling hookup that did not demand unusual flying 
skill, but no alternative had yet been found for the elementary dangle-and- 
grab system of 1923. 

In September 1934, Flt. Lt. Richard L. R. Atcherly was assigned to 
Farnborough. A member of the RAF's racing and aerobatic team, Atcherly 
had visited the United States for the National Air Races at Cleveland in 
1929 and Chicago in 1930. Witnessing some of the U.S. barnstorming ef- 
forts at aerial refueling, he thought the prevailing technique was primitive, 
clumsy, and dangerous. While on duty in the Middle East, Atcherly 
worked out his own system, which he subsequently patented.I2 

During inflight refueling there is a cruising airplane and a maneuver- 
ing airplane. Ordinarily, the tanker cruised while the receiver maneuvered 
to grab the hose. Atcherly reversed that order of work and put almost the 



After watching primitive U.S. 
efforts at refueling, Flt. Lt. 
Richard Atcherly invented and 
patented his own system for 
aerial refueling. 

whole burden of the operation on the tanker, whose crew would inevitably 
have more experience with refueling than would the crews of occasional 
receivers. The Atcherly System had both the tanker and the receiver trail- 
ing cables with grapnels at their ends. While trailing its cable, the receiver 
flew a straight course, and the tanker crossed its track from behind, trail- 
ing its cable across the receiver's cable until the two grapnels connected. 
With the two airplanes now joined by their cables and flying side-by-side, 
a winch aboard the receiver pulled in its cable and along with it the 
tanker's cable. The refueling hose was attached to the other end of the 
tanker's cable and winched into the receiver, where it was made fast to a 
fueling connection. With the two aircraft joined by a huge bight of hose 
some 300 feet long, the tanker climbed to a position slightly higher than 
the receiver to put a gravity head on the offload, valves were opened, and 
refueling began. 

When refueling was finished, the receiver disconnected the hose and 
the tanker reeled it in, but the two airplanes remained joined by the cables 
of the original connection. The tanker then turned away, breaking a weak 
link in the cable connection. 

It was 1937 before air trials had worked out all of the wrinkles in this 
refueling system: By that time, as far as the RAF was concerned, a need 
for aerial refueling had been overtaken by events elsewhere. The modern 
airplane had come upon the scene and it changed everything. 

The Modern Airplane Defers Refueling 

At the beginning 6f the 1930s, inflight refueling promised to compen- 
sate for the airplane's many inadequacies. Prior to 1933, the airplane was 
essentially a relatively crude vegetable product manufactured from wood 
and linen fabric painted with acetate or cellulose "dope" to obtain a tight, 
smooth flying surface. Usually a biplane with a fixed landing gear, its 
structure had many ninety-degree angles. A few all-metal airplanes exist- 



ed, but their performance was about the same as that of the vegetable 
products as both types bristled with objects creating aerodynamic drag. 
Had aeronautical engineering remained frozen in terms of the technology 
of 1932, aerial refueling would have been the only means of improving an 
airplane's range and payload. Inflight refueling likely would have become 
a global phenomenon before World War 11. That did not happen because, 
in 1933, practically overnight, everything changed. 

It is not an oversimplification to say that this change was initially 
manifested in two airplanes: the Douglas DC-1, which prototyped the 
epochal DC-2 airliner, and the Martin B-10 bomber. All-metal, low-wing 
monoplanes of about 17,000 pounds, they had carefully cowled engines, 
retractable landing gear, and high-lift devices to reduce takeoff distances 
and landing speeds. They proved to be prototypes for an entire generation 
of airplanes-and did so across the board, internationally. The key was the 
concurrent and equally sudden availability of the controllable pitch pro- 
peller, a device that finally permitted the aero engine to perform with 
maximum efficiency. Underlying it all was a "best" weight control in the 
aeros t r~cture . '~  Although improvements in payloads were initially mar- 
ginal, airplane speeds and operating ranges suddenly doubled. 

The Europeans were justifiably skeptical of the United States' extra- 
ordinary claims being made for the new airplanes. In 1933, Roy Fedden, 
chief engineer of Bristol Aero Engines and one of the world's foremost 
engine designers, visited the United States. In California, he was intro- 
duced to the Douglas DC-1 and sent a photograph of the craft to an offi- 
cial in the British Air Ministry. Aware that Douglas was located in Santa 
Monica, not far from Hollywood, that official was certain that the DC-1 
was an empty mockup that Douglas had built for a futuristic motion pic- 
ture; he refused to believe it was a real airplane. 

Within a year, such misperceptions disappeared. During October 
1934, the MacRobertson International Air Race took place over a track of 
14,000 miles, from England to Australia. A two-seat de Havilland DH-88 
Comet, a sleek twin-engine racer and one of three Comets built expressly 
for this contest, won the race. A Douglas DC-2 airliner came in second, 
despite carrying three revenue passengers and 900 pounds of mail in addi- 
tion to its crew and losing time at eighteen fuel stops, compared to only 
five stops for the winning Comet. A Boeing 247, another "ordinary" 
American airliner, took third place. The MacRobertson Race was the 
modern airplane's world debut and it was an electrifying coup de thicitre. 
Things were one way before October 1934; they could not be the same 
thereafter. 

The DC-2 and the Martin B-10 bomber were about the same size, 
weight, and power. Obtaining reliable published data on the DC-2, British 
and European engineers had no difficulties in running the numbers to de- 
termine that claims for the B-lo's performance were not exaggerated. In 
the United States, the Martin B-10 was only the beginning of a "long 



reach" by the U.S. Army Air Corps. Developments subsequently pursued 
on long-range bombers proved to be extraordinary. In 1935, the Air Corps 
contracted with Boeing, which produced its Model 299 prototype for the 
B-17 series. In 1939, on another contract, Consolidated produced the 
XB-24. These airplanes, of some 60,000 pounds and with a range of 
2,500 miles, became the great workhorse bombers of World War 11. Also 
in 1939, the Air Corps prepared the specification for a bomber of approxi- 
mately 100,000 pounds with a hoped-for range of 4,000 miles; put on 
contract in 1940, it became the Boeing B-29. 

Simultaneous improvements in power plants made possible all of 
these developments. Radial engines included the Wright R-1820 of 1934, 
with 675 hp; the Pratt & Whitney R-2600 of 1938, with 1,500 hp; and the 
Wright R-3350 of 1941, initially with 2,000 hp, but eventually growing to 
2,300 hp. Finally, there was the mighty Pratt & Whitney R4360 ,  produc- 
ing 3,500 hp; although too late for World War 11, it became an important 
engine in the postwar era and for a decade thereafter. The R-4360 made 
practical the Consolidated B-36, a 328,000-pound intercontinental 
bomber that went on contract in November 1941. In sum, within ten years, 
aero engine power quadrupled.I4 

With the elements of the modern airplane making it possible to build 
increasing range into an airplane, the Army Air Corps felt no need for the 
complication of inflight refueling. Although the United States. on its con- 
tinental island, had to think in terms of transoceanic distances and ranges 
of thousands of miles, in Great Britain and Europe prospective enemies 
lay within a radius no greater than 600 miles. A bomber with a 1,500-mile 
range (figuratively a radius of 750 miles) was more than adequate for U.S. 
wartime requirements. Even closer to the enemy, the leaders of Europe's 
air forces also saw no need of aerial refueling. 
The 1920s paradox of a solution in search of a problem came to a resolu- 
tion in England during the mid-1930s-but in the service of British civil 
aviation, which found itself suddenly faced with an embarrassing range 
deficit. 

A British Dilemma and the American Solution 

Shortly after World War I, the British government placed a multimil- 
lion dollar wager on the Zeppelin-type airship, expecting it to provide a 
high-speed communications system for the far-flung British Empire. 
When this decision was made, the airship represented the only aircraft in 
the world that could carry tens of passengers and tons of cargo across in- 
tercontinental distances. Indeed, until the dawn of the 1930s, the airplane 
was often unreliable and its commercial payload was hopelessly uneco- 
nomical. Although an airship's best speed approached just sixty-five miles 
per hour, a typical cruising speed for multiengine airplanes of the 1920s 



A Martin B-10 in flight over Washington, D.C. 

was only a trifle better than ninety miles per hour, and over a distance of 
1,000 miles, most of this speed was lost at fuel stops. The dramatic 
changes that occurred in airplane performance in 1933 could not be fore- 
seen as late as the beginning of 1932. 

Unfortunately, the British airship effort was a muddled affair. An ini- 
tial plan for six airships was reduced to two, and this complex effort in 
aeronautical engineering and industrial logistics was divided between two 
rival builders that produced airships of distinctly different designs. One, 
the R.lOO, was built by a subsidiary of Vickers, Ltd.; the other, R.lO1, by 
the Air Ministry itself. Neither airship flew until 1929. Two years before, 
when Charles Lindbergh flew 3,610 miles nonstop from New York City to 
Paris, his only payload was three chicken sandwiches. In contrast to such 
"lean cuisine," each of the British airships was expected to carry about 
fifty passengers in stateroom accommodations; they would be served 
haute cuisine in a dining room that had a dance floor. The dirigibles also 
would feature a cocktail lounge and carry a ton or two of mail over dis- 
tances of some 3,500 miles within sixty hours. These airships would be 
the Mauretanias of aeronautics. 

In the summer of 1930, the Vickers R. I00 made a successful flight to 
Canada. In October, the government-built R. 101 took off for Egypt and 
India, but a few hours later, crashed and burned in France. Of the fifty- 
four people on board, only six survived. Among those killed were 
Britain's air minister, the director of civil aviation, and the key people in- 
volved in the airship program. The R.lO1 disaster inflicted on Great 
Britain a national trauma equal to the sinking of the liner Titanic eighteen 



Early models of the B-17 (top) and the B-24. With ranges of over 2,500 
miles, these bombers had no need for aerial refueling in World War 11. 

years earlier; at the same time, the paralysis of the Great Depression set- 
tled on the world. The whole airship program was called into question and 
canceled, with the relatively successful R. 100 cut up for scrap. Plans for 
linking up the Empire by airship were abandoned.I5 

At that moment, the only airplane under British development that 
would have become a long-range payload carrier was the Vickers-Super- 
marine Type 179, a six-engine monoplane flying boat of 75,000 pounds. 
Although half finished government support was withdrawn in January 
1932, and the airplane was canceled. But at that same moment Pan Ameri- 
can Airways contracted with Sikorsky for the S-42 and with Martin for the 
M-130, both four-engine flying boats (38,000 and 52,000 pounds, respec- 
tively) with transoceanic ranges. Although planned as an Atlantic clipper, 
the M-130 is best recalled as the legendary transpacific China Clippel: 



It was little known, and Pan American Airways was at pains not to 
have it mentioned, that both the S-42 and the M-130 originally were 
plumbed as receivers for inflight refueling as a hedge against shortfalls in 
range. Both had hatchways on the upper surfaces of their after fuselages, 
with the hatch opening inward. These hatchways served as entries for pas- 
sengers, but they were also equipped as refueling stations. As far as can be 
determined, these flying boats would have used a dangle-and-grab system, 
but after they demonstrated satisfactory range and payload performances, 
the plumbing was removed to save weight. The Sikorsky S 4 2  and Martin 
M-130 flew in 1934, entering commercial service in 1935. At that time 
the British had no comparable airplane even under development. 

Hastening to catch up, Imperial Airways had Short Brothers produce 
its S.23, a four-engine flying boat weighing 40,500 pounds; it flew in July 
1936 and entered service in 1937. Affectionately known as the "Empire 
boat," the S.23 had a badly overweight structure that reduced its useful 
load and payload. A transoceanic airplane demanded a minimum range of 
2,000 miles, the distance between Ireland and Newfoundland, but the nor- 
mal range of an S.23 was less than 900 miles. Two S . 2 3 ~  had their struc- 
tures reinforced and their fuel capacities substantially increased from a 
standard 4,680 pounds to 16,704 pounds to conduct with Pan American 
Airways a joint series of transatlantic survey flights in 1937. These S . 2 3 ~  
did well to lift their own fuel loads; they were incapable of carrying any 
commercial payload. l 6  

In 1938, Boeing produced its Model 3 14 Clipper for Pan American, 
an 82,500-pound flying boat with a range of 3,000 miles. A Boeing 3 14 
was capable of lifting twenty-five passengers and a few hundred pounds 
of mail between Newfoundland and Ireland. Pan American planned to in- 
augurate transatlantic services in the spring of 1939. Without an airplane 
remotely similar to the Boeing 3 14, Imperial Airways sought some kind 
of transatlantic aerial service in 1939 that might be comparable with Pan 
American's service. To that end, it turned to Sir Alan Cobham and Flight 
Refuelling Limited (FRL). 

Sir Alan Cobham and FRL, the British Solution 

If British aviation of the interwar years had a counterpart to Charles 
Lindbergh, it was Sir Alan Cobham (1894-1973). In the 1920s, he be- 
came conspicuously identified with long-distance flying. In 1925, he flew 
Sir Sefton Brancker, Great Britain's director of civil aviation, to the Mid- 
dle East, India, and Burma over a track of 18,000 miles to investigate pos- 
sible air terminal sites. That year he also flew a similar survey between 
London and Capetown. In 1926, he flew a survey of the 14,000 miles be- 
tween England and Melbourne, Australia, and then returned. The airplane 
used in all of these operations was a de Havilland DH.50, a single-engine 



biplane of 4,200 pounds. King George V knighted Cobham shortly after 
his return from Australia. He was the last British aviator to be knighted 
for services to civil aviation. 

In the early 1930s, Sir Alan became interested in inflight refueling as 
a means of range extension, and in 1934, he attempted a nonstop flight 
from England to Karachi in what was then British India. After topping off 
his tanks over the English Channel, he would be refueled again over Mal- 
ta; at Aboukir near Alexandria, Egypt; and finally over Basra, Iraq. Cob- 
ham provided the tankers in England and at Malta-Handley Page W. lOs, 
superannuated twin-engine biplane airliners converted to the role. The 
RAF agreed to provide the tankers at Aboukir and Basra; they were Vick- 
ers twin-engine biplanes, obsolete by 1934. 

Cobham's receiver was an Airspeed AS.5 Courier, a single-engine, 
low-wing monoplane that was unusual on two counts: it was the first 
British airplane with a retractable landing gear, and it was the first airplane 
in the world certified as a receiver of aerial refueling. Cobham's Courier 
was placarded for a maximum takeoff weight of 3,500 pounds, but for 
5,050 pounds once in the air. The 1,550-pound difference was 209 Imperial 
gallons of gasoline provided by aerial refueling." 

On September 22, 1934, with William Helmore as his copilot and 
hose handler, Sir Alan took off for India from Portsmouth, England. Over 
the English Channel, a W. 10 tanker filled their tanks to the certified over- 
load. The fueling arrangement was the usual dangle-and-grab system. 
About ten hours and 1,130 miles later, they were over Halfar, Malta, 
where the other W. 10 spiraled up to meet them. The refueling went well, 
but shortly thereafter, a failure in the Courier's throttle linkage caused a 
loss of power. Fortunately, Malta was still nearby, and Cobham was able to 
stretch a glide into a wheels-up deadstick landing at Halfar.I8 

In spite of the failure of this operation, Cobham was convinced that 
inflight refueling had a practical future. On October 29, 1934, he created 
Flight Refuelling Limited. Well aware that the dangle-and-grab fueling 
system had no future, he made an arrangement with the British Air Min- 
istry for access to Farnborough's experience and the loan of a series of ob- 
solescent RAF multiengine airplanes for development work. He also had 
to come to terms with the Atcherly patents. Concurrently, he convinced 
Imperial Airways of the versatility of inflight refueling. 

By mid-1938 Cobham and FRL had a workable system, which came 
to be known as the "looped hose." Superficially, it was the same as what 
Atcherly and others at Farnborough had worked out in the early 1930s. 
FRL's distinct contribution was the invention and development of  the 
small but vital fittings and hose connections that transformed inflight re- 
fueling from stunts and ad hoc experiments to rational flight operations 
that could be performed routinely. 

Between August 5 and September 30, 1939, Imperial Airways provid- 
ed an experimental airmail service between its seaplane base at South- 














































































































































