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PREFACE

The German nation was prevented by the terms of the Ver-
sailles treaty from any extensive airplane manufacturing and so
the attention of her flying public was diverted to the glider.
Progress in the art of gliding has gone rapidly ahead as a result
of this enforced limitation. Modern scientific construction and
meteorological knowledge have enabled a soaring record of over
14 hours’ duration and another when a sailplane attained 2,500
feet altitude above the starting point, to be set in that country.

Gliding and soaring are rapidly acquiring the proportions of a
National sport in Germany. Many of her young men have
become quite proficient in both these branches of motorless avia-
tion. Gliding is comparatively simple and consists of sailing
downhill, using the lift component of the wind resistance offered
by the wings of the glider as a means of lessening the pull of
gravity; soaring calls for considerably more skill and machines
that are much more efficient aérodynamically than gliders. Soar-
ing machines or sailplanes are usually monoplanes with a higher
aspect ratio than found in the training planes and are so designed
as to possess the highest possible degree of maneuverability con-
sistent with stability.

Great care should be exercised by amateur builders in con-
structing the wings, and in order to design them correctly a
thorough knowledge of aérodynamics is necessary. By far the
most important part of motorless aircraft building is the design,

vii
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construction and bracing of the supporting surfaces, also their at-
tachment to the fuselage. A word of caution must be sounded
to any one building a glider from stock plans. Only the best of
materials and workmanship is permissible and there can be no
compromise with quality in either the constructional details or
the faithful working out of the design.

Properly designed and constructed gliders combined with a
fair amount of common sense in their use are practically harmless.
An occasional stall and crash results at the worse in a severe
shaking up and is the cheapest and least dangerous lesson possible
on the hazards of losing flying speed in any aircraft. Glider train-
ing is a splendid preparatory course for those intending to take
flying lessons in full sized motored aircraft. Gliding is cheap.
The relatively low cost of gliding compared with powered flight
is perhaps its greatest single recommendation.

Gliding may be indulged in at a small fraction of the cost of
owning and operating an airplane. And last, but not least, glid-
ing is using the air and becoming familiar with the air as a
medium of transportation for human beings. The so-called mys-
tery of flight fades quickly after the fundamentals instilled
through gliding have been acquired by the embryo airplane pilot.
Here lies its greatest value to aviation. A glider can safely be
landed in places that would greatly disturb airplane pilots; in
underbrush, in hollows, on steep inclines, or jumping over fences.
After having stalled in the air, flying speed may be recovered
after a drop of something like 25 feet.

There remains the possibility of fitting the glider with a small
auxiliary engine. Thus the glider may take off in the plains and

fly to any place, where, upon meeting soaring flicht conditions,
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the engine is shut off and the real sport begins. The auxiliary
engine would also help out a glider that drifts away from lifting
currents or runs into a calm. All kinds of motorcycle engines
have been tried. This brings us out of the realm of the true
sailplane or glider, however, and into the field of the “flivver”
airplane.

Unfortunately, no present motor seems to meet all the ideal
requirements at once, but that will come. When this goal is
reached some authorities profess to believe that it will be compara-
tively easy to build a reliable and fairly foolproof light airplane
of high efficiency, and capable of soaring flight, accommodating
two people. It will be slow and safe to land, of amazing fuel
economy and negligible maintenance cost. There is little doubt
that this generation will see and use it and flying should become
nearly as popular as motoring now is. A beginner on a training
tvpe, motorless glider is not disturbed by the speed, roar, vibra-
tion, and fumes of a motor. There is no throttle to regulate.
He can concentrate upon maintaining balance, getting “the feel
of the air.” This saves time later during powered glider or
airplane instruction.

In this treatise, some space is devoted to bird flight, especially
as related to soaring birds, because much has been learned from
observing them and the student of gliding and soaring will find
much of interest in studying birds. Space has also been given
to the nature and causes of air currents because soaring will be
impossible without them. The suggestions for forming a gliding
club and the various methods of training pilots and flying gliders
should also prove helpful.

The only way to learn to glide is by practice, so any reader
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with ambitions to become a glider pilot should join a glider
club, or purchase a glider of his own and secure actual experi-
ence in the air. This book is only intended to be an elementary
ground course on Gliders and Sailplanes. One can learn to fly
only by flying. |

September, 1930 Victor W. PAGE
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CHAPTER ONE

HISTORY OF EARLY GLIDER DEVELOPMENT

Some Early Flights—Work of Leonardo da Vinci—Pioneer Glider Pilots
—The Chanute Multiplane Glider—Work of the Wright Brothers—
Archdeacon’s Water Glider—Harth and Messerschmitt—Modern
Gliders Are Airworthy Machines—Gliding as a Sport—Suspension
Type Glider Obsolete—Gliding Not Dangerous—Gliding Endorsed
by Experts—Gliders Must Be Approved—Three Classes of Pilot’s
Licenses.

Some Early Flights.—About the year 1300 before Christ,
an ancient Greek philosopher Dzdalus wanted to escape the
wrath of Minos, King of Crete. According to legendary lore,
he made himself a pair of wings consisting of feathers fastened
together with wax; and he made also a pair for his son, Icarus.
They both ascended into the air. Dadalus arrived safely in
Sicily, having started from Crete. But Icarus, with the usual
exuberance of youth, flew too high and approached so near the
sun, that the wax in his wings melted; he fell and was drowned
in the sea. That incident probably discouraged other would-be
flyers from similar lofty aspirations and should be useful even
to-day in teaching conservatism in flying because the older and
less ambitious pilot did not try any .acrobatics or for an altitude
record and history records that he reached his goal.

“-+To Archytas, a philosopher and mathematician of Tarentum,
~who lived about 400 B.c., usually goes credit for the first flying

mechanism, a wooden pigeon which according to the ancient
1
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record, flew for a distance of 50 feet. The first contrivance to
raise a man to the skies is said to have been devised in 200 B.c.,
when a Chinese general, Han Sin, elevated a man by means of
kites to observe movements of the enemy. _

Triumph came momentarily to M. Besnier, a French locksmith
of 1678, who invented a flying contrivance, with four winglike
planes operated by his arms and legs. The wings, which were
hinged as in a book, were moved up and down by a motion similar
to walking. Besnier began his experiments from chairs and
tables, and then from balconies and low roofs. He managed to
save his neck throughout these tests which were in the nature
of wing-flapping glides, but he could maintain horizontal flight
only momentarily, as the physical exertion necessary was beyond
the limitations of man.

In 1742, another air-minded French person, the Marquis de
Bacqueville, built a gliding machine in which he took off from the
window of his mansion, glided over the gardens of the Tuileries,
and landed on the top of a washerwoman’s barge in the middle of
the Seine. There is no record of the nature of his reception by
his hostess.

Work of Leonardo da Vinci.—Leonardo da Vinci, an Ttalian
of the Medieval era, who was most versatile and a genius, as he
was an artist, writer, sculptor and military engineer, had made
engineering drawings and computations showing flying machines
very similar to our present-day gliders, as well as sketches of
wing-flapping mechanism. His writings, which are still ,of
interest and historical value, were the guide for ‘aéronautical
experimenters for several centuries. His manuscripts contain

many drawings of birds and designs for flying mechanisms, in-
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cluding a manually operated ornithopter, or wing-flapping
machine; an aérial screw (embodying the same principle as the
helicopter) and plans for wing operating motions. About 1490,
this imaginative inventor worked out the first plans for a man-
carrying glider.

He died in 1519 without ever having built the aircraft he had
designed, but a quarter-sized model built from the artist’s plans
by Paul E. Garber, a modern authority on aircraft model making,
hangs to-day in the Smithsonian Institution, in Washington,
D. C. Birdlike in appearance, the model is supposed to operate
by wing-flapping motions. The operator lies prone upon a central
beam, his body protruding through a large ring and his head and
shoulders through a yoke at the front. His arms pass through
small rings, and his feet are placed in stirrups at the rear. By
alternately raising and lowering the arms and kicking his feet,
a beating motion is imparted to the wings. Short glides might
possibly have been made with this machine, but prolonged flight
would be impossible, as a human being could not maintain the
necessary rapid motions. An interesting feature of da Vinci’s
design is the dihedral angle of the tail surfaces used to maintain
automatic stability—a means employed in connection with the
main planes for the same purpose by aircraft of to-day.

Pioneer Glider Pilots.—The first successful glider was made
in the earlier part of the nineteenth century by an Englishman,
Sir George Cayley, and a number of glides were made descending
at an angle of about 18 degrees. He made many experiments
and made some discoveries in the theory of aérodynamics and the
principles of equilibrium and control of a flying machine.

Following these experiments, Captain Lebris, of the French
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Army, built a glider modeled after an albatross. (See Fig. 15C,
Chapter 3.) He started his apparatus from a moving cart and
soared 300 feet in the air against a fresh wind.

The most scientific development in the art of gliding was con-
ducted by Otto Lilienthal and his brother Gustave, Germans, who
studied the flight of storks near their home. They built gliding
surfaces with means by which they could hold on to them and be
carried down from the summit of a high hill. The Lilienthal
glider shown at Fig. 1 was modified a number of times and about
one hundred flights were made with it before Otto Lilienthal was
killed because he did not move his body quickly enough to balance
the machine in a gust of wind, and it fell out of control. The
death of Lilienthal had a depressing effect upon the development
of aviation in Germany, but the foreign countries showed an
increase of interest.

The Britisher, Percy S. Pilcher, had experimented already in
1895 with a “suspension’ glider of 151 square feet surface area,
reaching a maximum flying distance of 394 feet. Due to the many
breakdowns of the wings, Pilcher built a stronger glider, having
a supporting surface of 172 square feet and weighing 79 pounds.
This design was too difficult to handle and a third and lighter
glider was constructed with which many successful flights were
made. Then Pilcher built a glider in which he placed a 4-horse
power benzine motor built by himself, but before he was able
to test the glider, he met death by falling during a demon-
stration flight before a scientific society.

The Chanute Multiplane Glider.—Chanute, a Chicago archi-
tect of French parentage, believed that the monoplane type of
glider was too unstable and therefore he started very soon tg
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construct biplane and multiplane gliders. He had been led to this
through the kite flying attempts of Hargrave, after whom the
box kite was named. Chanute's quadruplane glider, shown at
Fig. 2A, having four surfaces, carried a tail of the same width
and shape as the wing surfaces. Above the fourth plane was a
surface arranged parallel to the direction of flying. The gliding
angle of this glider was found to be 12 degrees, which is quite
unfavorable. Soon Chanute returned to the biplane with which he
obtained better results; the reason for this being probably the
fact that the supporting surfaces were arched at the lower side in
1:12 proportion as in the Lilienthal glider. The glider was a
“suspension” type and had a net weight of about 22 pounds.
Herring, Chanute’s assistant, made about 700 flights in it without
accident. With a total weight of 179 pounds, the gliding speed
was about 33 feet per second and the gliding angle varied between
7 and 10 degrees.

One of the most interesting gliding flights of the time, in the
light of Lieutenant Barnaby’s recent glider descent from the
dirigible Los Angeles, was that of Professor Montgomery, of
California. Twenty-five years ago he successfully launched his
tandem monoplane glider from a Montgolfier balloon at 2,500
feet altitude and glided safely earthward. But after a series of
successful experiments, Montgomery lost his life on July 19,
1905, when the wing of his glider broke during a subsequent
attempt to launch it from a balloon.

Work of the Wright Brothers.—It is to the development
work of the Wright brothers, Wilbur and Orville, of Dayton,
Ohio, that modern aviation progress is due. They were interested
students of the work of Lilienthal and Chanute and as they were
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practical mechanical men with a scientific as well as a literal turn
of mind, they evolved certain aérodynamical theories which they
proposed to test out with man-carrying gliders. These were of
the biplane type and considerable data and experience obtained
and published by Chanute were utilized in their designs.

A year later, the brothers launched their second glider, the
largest glider that had ever been built up to this time. The new
ship had an area of 308 square feet, nearly twice as large as their
previous machine. Lilienthal had used an area of 151 square
feet, Pilcher 165, and Chanute 134. None of these pioneers
would have considered such a large ship safe, but the Wrights
had the greatest confidence in the efficiency of their control sys-
tem. This glider is shown at the top of Fig. 1.

- To better study their theories of warping wing control, the
brothers took up free gliding. Instead of launching themselves
by running downhill as Lilienthal and the others had done, they
found they could take off more easily with the help of two
assistants who ran at the end of each wing. Lying prone in the
glider to cut down head resistance, they found that after a few
minutes’ practice they were able to coast downhill on the air for
distances of 300 feet, and within a few days they could operate
safely in winds as high as 27 miles an hour. They made all their
launchings into the wind. This glider, which was 14 feet long
and 6 feet high, had a 22-foot wing span and weighed 108 pounds.
Their method of landing was different from the old way, too.
They had planned to swing their body into an upright position
upon approaching the ground, and land on their feet, but they
discovered it was safer and easier to slide to rest on the skids,
keeping the body in the recumbent or flying position. Theirs was
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plane Design; the Other Is a More Modern Biplane Design Constructed

by Percy Pierce, Having Ailerons for Securing Lateral Stability and
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the first glider to land on skids or runners in this way.

The third glider, which on September 15 was flown as a kite
to test its balance, had narrower wings 5 feet wide, and with 32-
foot span. These measurements evolved from scientific calcula-
tions gave an aspect ratio of better than 6 to 7, as the span was
slightly more than six times the chord or wing width. For greater
stability, they added a fixed vane in the rear, which first was of
12 square foot area, and later reduced to six. The front elevator
contained 15 square feet. The total weight, unmanned, was 116
pounds.

As in their previous designs, this glider used warped wings to
maintain lateral balance. That is, the rear corner of the de-
scending or low wing was twisted down to increase its lift. But,
in case the wings were warped excessively, the forward speed was
reduced because of augmented drag and the glider turned from
its course. To counteract this tendency, the Wrights hinged the
rear vane, making it a rudder. This gave their ship three controls
to manipulate—the elevator, wing warping and rudder. They
found that combining rudder -and wing-warping controls simpli-
fied the operation as the rudder could be used to correct the
swerving tendency due to the warped wing on the low side having
more drift or drag than the one on the high side. A glider—
perfected at last—was the result of the 1902 experiments. The
two men made about one thousand glides at angles of seven
degrees or less in this ship. This proved more efficient than
the Chanute glider. In it the pilot lay flat instead of sitting
upright.

In winds varying from 14 to 36 miles an hour, the Wright

brothers made glides lasting as long as 30 seconds and for dis-
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tances as great as 622 feet. In the autumn of 1903, the glider
stayed aloft for as long as a minute at a time, often soaring
practically stationary in the air. At last, the Wright brothers
felt they were ready to test their wings in earnest. They had
proved their aéronautical theories with motorless ships which
actually stayed aloft a short time, supported only by air currents,
just as soaring birds were. The soaring trips convinced them
that powered flight was possible, and the knowledge gained while
actually in the air gave them confidence in their ability to fly. So
the Wrights constructed a sturdier glider—one strong enough
to hold a power plant, shown at the top of Fig. 3, and fitted it
with a light weight automobile type engine of 12 horse power and
of their own design and construction. At last they were able to
realize the dream which man had aspired to ever since the be-
ginning of thought. They spread their wings on December 17,
1903, and took off, for the first time in history, in the first success-
ful airplane.

Archdeacon’s Water Glider.—At the time when the Wright
brothers were approaching their flying triumph, others of note
were also conducting experimental glider flights. Ernest Arch-
deacon, of Paris, invented a glider which might be called a god-
father to the seaplane. His machine, somewhat like a Hargrave
kite, was mounted on two little boatlike pontoons. Archdeacon’s
glider would lift in the air when towed by a motorboat traveling
22 miles an hour into a 4-mile-an-hour wind. It often fell into
the river, because the laws of balance were not known at that time
and was finally severely damaged when it turned over completely.
In 1904, this Frenchman also made some experimental glides

with a plane among the dunes at Berck-sur-Mer.
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Harth and Messerschmitt.—Harth and Messerschmitt built
their first glider in 1910, and this design was one of the first
soaring planes of the high wing monoplane type, in which the
wings themselves were movable to vary their angle of incidence.
They used a wing profile with a heavier entering edge and con-
trolled their glides by manipulating the wings so the movement
of one would compensate the movement of the other. They
experimented always above nearly level ground. In 1914 they
were able to maintain their glider safely in balance in an air of
49 feet per second velocity. In the year 1916 Harth flew 35
minutes without losing altitude and that in an air of 26 to 33
feet velocity per second. Then in 1920 Harth flew in the Rhoen
at an altitude of 164 feet above his starting place without losing
speed in gaining this altitude, and that above a country having a
2- to 5-degree slope. This glider is shown at Fig. 3 below the
Wright brothers’ glider.

Modern Gliders Are Airworthy Machines.—From the first
crude gliders of Otto Lilienthal, the German; Octave Chanute,
the Franco-American of Chicago, and the Wright brothers, to
the latest German and American motorless machines, is a far
step. The early gliders, frail structures of bamboo and fabric,
built sometimes like a giant box kite and again, as in Lilienthal’s
model, like an enormous bat, would do just one thing—glide
down the wind from some height, and, if the pilot was lucky,
land him safely at the bottom.

The latest machines are more than gliders, for they not only
glide but some of them soar, and therein lies the secret of their
ability to remain aloft for many hours, make long journeys across

country and climb, as Ferdinand Schulz did near Marienburg, to
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a height of more than half a mile. On that occasion Schulz
picked a favorable air current, rode it up to a height of 2,566 feet
above the earth, and continued to float about up there for more
than four hours. Not long ago, Lieutenant Dinort spent 14
hours and 44 minutes in the air one day, soaring around in a
motorless plane. He took off from a sand dune at Rossitten, near
Koenigsberg, soared up on an ascending column of warm air,
which was climbing above the heavy cold currents off the sea,
and continued to soar and glide and dip through the day and into
the night.

Gliding as a Sport.—Gliding is a sport comparatively new
to America, but in spite of its recent introduction into the country
it has already created sufficient interest to warrant the establish-
ment of a glider school on Cape Cod, Massachusetts. Capable
instructors were brought over from Germany, and other schools
will be opened as interest in gliding continues to grow. Many
glider clubs are being formed throughout Europe and the United
States and the new sport is receiving attention all over the
civilized world. Gliding is a fascinating sport. Whether one is
a beginner and is getting his first thrill at “the stick” on a ten-
second “hop” downhill or whether one is able to follow Peter
Hesselbach on long flights such as he made during the summer
of 1929 on Cape Cod, it is beyond the writer’s ability to state
in cold print the thrill of the experience. There is no noise of
motor or propeller. The ship swings through the air with a
gentle swish and the German pilots engaged in seeking new
endurance records have been known to swing down over the
crowd and ask for ¢he correct time. While Hesselbach was
flying off Cape Cod, eight to ten sea gulls came in from the
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ocean and flew with him in formation, trying to discover what
new form of bird he was.

Suspension Type Glider Obsolete.—All of the early glider
experiments, which led eventually to the perfection of the motor-
driven airplane, consisted in straight glides, never exceeding more
than a few hundred feet in length. The glider pilot, taking off
with a short run from a hilltop, would rise a few feet in the
air at most and glide to the ground again at the foot of the rise.
The descent was usually made with his body hanging below
the framework so that, by throwing his weight from side to side,
he could keep his balance, as the shifting center of gravity thus
produced formed the only control. This method of control was
so tricky that it ended many flights in disaster, and caused the
death of Lilienthal and Pilcher. The new motorless soaring
airplanes are entirely different. Sitting in a comfortable cockpit,
the pilot operates rudder, tail flippers and ailerons through the
same sort of controls as used in a motor-driven plane. The usual
method of taking off is to be launched or catapulted into the
air at the end of a rubber rope, just as a captive kite is launched
into the wind by a boy. The training type of glider shown at
Fig. 4 is simple in construction and cannot soar because its weight
and air resistance will not permit it to.

The Darmstadt sailplane flown recently at Cape Cod,
Massachusetts, by Peter Hesselbach, established a record for
gliding in the United States which was broken by Harley Bowlus
by a soaring flight of over g hours in a Bowlus soaring plane,
and later by Barlow with 15 hours and 13 minutes to his credit.
Mr. Hesselbach had remained aloft for 4 hours and 5 minutes
in this sail flyer, which is a replica of the soaring plane in which



16 A B C OF GLIDING AND SAILFLYING

Ferdinand Schulz established a world’s record of 14 hours and
23 minutes’ duration in the air. Mr. Orville Wright established
the previous American record when he remained g minutes 45
seconds standing virtually still, in the ascending air currents
blowing up the sand dunes at Kitty Hawk on the coast of North
Carolina, over eleven years ago.

Gliding Not Dangerous.—Contrary to the popular notion
fostered by the deaths of pioneer experiments with “suspension”’
gliders, gliding is not dangerous. There have been only a few
deaths from accidents to gliders and these deaths were the results
of unfortunate accidents to men who insisted on trying something
new in contrast with proven theories and ideas.

It is generally believed that as long as a pilot keeps his glider
balanced he is comparatively safe, but that if a gust of wind
should tip one wing considerably higher than the other the
machine would be thrown out of balance and immediately crash
to the earth. That was the cause of the fatal accident to
Lilienthal, the builder of the first successful glider. The present-
day gliders, however, are not dependent upon the bodily move-
ments of the pilot for their balance and the early types are not
looked upon with favor, by the United States Department of
Commerce aéronautical experts. The modern forms are easily
and positively controlled and are so aérodynamically correct in
their design as to have great inherent stability, and even when put
into the stalling position by inexperienced pilots show such little
tendency to spin that they are easily righted.

Gliding Endorsed By Experts.—The veteran glider pilot Dr.
Wolfgang Klemperer, now of Akron, Ohio, but one of the early
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Germarn glider enthusiasts and holder of a number of records,
writes :

“It is an unrivaled sport. I am unable to describe by words
the sublime pleasure one experiences in gliding over hills and
valleys, silently, like the eagle, cruising or hovering, rising or
descending at will. The ample controllability makes you feel
like them, master of the air. The constant alertness watching
for favorable air currents and studying their relation to the varied
scenery below provides thrill and challenge. A few weeks in a
glider camp is outdoor life in the word’s fullest meaning. Soar-
ing flight requires also a certain amount of scientific training,
engineering sense and physical skill. Thus it most perfectly
blends all the elements requisite for a recreational and educational
sport such as the rising generation so appreciates.”

Some of the most expert of the fliers of motored airplanes are
becoming very enthusiastic about gliding and sailflying or soar-
ing. Colonel Charles Lindbergh is quoted as saying:

“Gliding not only offers a flying medium of safety because
of a-landing speed of ten miles an hour, but it is much cheaper
to learn to pilot a glider than a powered plane. The principle of
flight is the same in glider and power planes; with standard air-
plane controls in both. A glider student learns the feel of a ship,
how it banks, turns, and lands and he does it at a ridiculously
low price as compared with power plane instruction.

“There is a thrill, too, to gliding. It is a superlative sport
which appeals.to Americans, young and old. A few can band
together and buy a good glider. I see a great future for gliding
in America. It will sweep the country during 1930 and I expect
to see a million glider pilots within three years.”
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The Massachusetts Institute of Technology led the way in
glider efforts in America since the war. J. C. Penney, Jr., and
the American Motorless Aviation Club of New York created
much favorable sentiment for gliding in the summer of 1928 by
bringing to this country three German gliding experts and making
possible the sensational soaring flights of Hesselbach. The Cali-
fornia Glider Club, Vance Breese, pilot, was the first N. G. A.
group to get a glider in the air. Earlier, an individual member,
Thomas D. Stimson, of Seattle, had made glider flights and
with the exception of the Wright brothers, has been the first to
fly an American designed and built machine. Miss Amelia
Earhart was the first American woman to make a solo glider
flight. Gliders, Inc., Orion, Michigan, were the first manufac-
turers to confine their activities to the production of gliders. The
soaring or sailplane type is shown at Fig. 5 and may be compared
to the simpler training type shown at Fig. 4 and a brief study will
show how they differ in construction and appearance.

Gliders Must Be Approved.—After October 1, 1930, all
gliders will be required to have an approved type certificate or
a group two approval. Until that time they will be eligible for
licensing if they can satisfactorily pass a line inspection, which
may include a flight test if such appears necessary. No engineer-
ing data will be required. (Group two approvals are those on
aircraft which are not built according to ATC’s, but are air-
worthy. Engineering data must be submitted to the Aéronautics
Branch for these approvals and flight tests conducted. Such
licenses are usually obtained on experimental craft, those whose
designs represent slight modifications in planes holding ATC’s,
or craft to be built in limited quantities.)
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When the regulations go into effect licenses will be obligatory,
not only for gliders, but for their pilots and for student glider
pilots. The requirements for the personnel, however, will be far
less exacting than are the standards for airplane pilots. Student
glider fliers will not be required to undergo any medical exami-
nation, needing only to pass the tests taken by student airplane
pilots. Conditions which the Department exacts of gliders are,
briefly, that they shall possess lateral stability, without undue
tendency to fall into a spin; good balance, and satisfactorily
operating controls. The six-spin test to which powered airplanes
are put for their ATC’s naturally will be waived for the gliders.

Three Classes of Pilot’s Licenses.—Student, non-commercial
and commercial glider pilot licenses are provided under new
amendments to Air Commerce Regulations announced recently
by Assistant Secretary of Commerce Young. Glider student per-
mits authorize the holder to receive instruction and to solo licensed
gliders while under jurisdiction of a licensed glider pilot. No
physical or written examination is required.

Non-commercial glider license serves the large group desirous
of operating gliders only for sport and pleasure. Examination
required is flight test, consisting of a minimum of three flights
including moderate banks in either direction.

Commercial glider pilot license is issued to applicants physically
qualified and who pass special flight test. Normal take-offs and
landings, series of general and moderate banks, 360-degree turns
. and precision landings is flight test. Applicants are also required
to pass a physical examination. There is no written examination.

“The Aéronautics Branch has spent many weeks in a study of a

policy which would encourage the glider movement in the United
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States and at the same time would adhere closely to the Depart-
ment’s principle of competent airman and airworthy aircraft,”
stated Major Young. “The study included a conference in
Washington of all of the Department’s supervising and engineer-
ing inspectors who are on duty throughout the United States and
scores of glider flights were made by these inspectors during
the conference. Requirements with respect to the licensing of
gliders are to be announced shortly.”

A reprint of the airworthiness requirements of the Air Com-
merce Regulations, Part 3 of United States Department of
Commerce Bulletin 7A entitled “Light Aircraft” is included in
Chapter 5 for the guidance of sailplane and glider designers and
those interested in construction of these aircraft.



CHAPTER TWO

CAUSES AND NATURE OF AIR CURRENTS—
PRINCIPLES OF GLIDING

Force of Air in Motion—Structure of the Atmosphere—The Strato-
sphere—The Troposphere—Air Has Weight—Cause of Winds—Air
Resistance—Relation of Lift to Resistance—How Air Pressure Varies
with Its Speed—Bumps and Air Pockets—Attraction of Gravity—Mov-
_ing Air Exerts Pressure—How Gliders Are Supported in the Air.

Force of Air in Motion.—Air in motion may exert consider-
able force. A gentle breeze creates very slight pressure, but a
cyclone or hurricane, which means air traveling at a rate of
from 75 to 100 miles per hour, can do considerable damage.
Much destruction is caused by tornadoes due to the great pressure
of air traveling at a high speed which has sufficient velocity to
uproot large trees and tear buildings apart. Winds are caused
by the conflict between rising air currents due to the lesser weight
of heated air which rises from the earth’s surface and the down
currents of cold and therefore heavier air which rushes down to
take its place.

The physical contour of the earth and variations of tempera-
ture as well as seasons of the year all have their influence on air
movements termed winds. For example, the hot summer sun
beating down on a sandy plain will saturate the earth with warmth

and ascending air currents will move at greater velocity than will
22



STRUCTURE OF THE ATMOSPHERE 23

air currents ascending from a forest. An aircraft, passing from
the hot, rapidly ascending air current to the slower moving,
cooler air from the forest will lose lift and may drop appreciably
in the cooler air column. (See Fig. 6.)

Structure of the Atmosphere.—The Director of the Blue
Hill Observatory, Harvard University, Alexander McAdie, who
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Fig. 6.—Diagrams Showing How Variations in the Nature of the
Earth’s Surface May Cause Wind.

is an authority on the structure of the air, gives some interesting
facts about the atmosphere. He says:

“Air is a mechanical mixture, not a chemical compound. Four-
fifths of the air is Nitrogen and other fifth is Oxygen. There
are negligible traces of certain rare gases. But there are two
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additional quantities; independent variables, water vapor and
dust, both important as affecting aviation. In fact, it is water
vapor that is responsible for most of a flyer’s troubles. Fog,
poor visibility, snowstorms, thunderstorms, are all manifestations
of change of form of water. If there be extreme dryness, wooden
parts of the machine are warped; if too damp, there are bad
effects. The plane or airship may get an ice coating and the
load be so great that there is a forced landing.

“Contrary to expectation and to some degree contradicting
fundamental equations in physics, the atmosphere is not homo-
geneous. Pressure, temperature and even density do not decrease
as we go up, at a fixed and uniform rate. We cannot regard the
atmosphere as a single layer. Tidal equations cannot be applied.
The atmosphere is actually a series of airspheres; and these are
not exactly concentric shells. Not only do we find stratification
or layers; but even striation.”

The Stratosphere.—We know two distinct shells—the lower
or troposphere, a region of change, also of convection, about
ten kilometers or six miles thick in our latitudes. This 1s the
layer in which weather occurs. An upper shell is the stratosphere,
or so-called isothermal region in which temperature does not
continue to fall with increase in altitude. Half a dozen airplane
flyers have reached the stratosphere or have gone a small distance
into it.

The Troposphere.—The lower airsphere, the troposphere,
bulges up at the equator and contracts at the poles. If Com-
mander Byrd could have stopped long enough when he was at
the North Pole to make an altitude record, he would have passed
through the troposphere at 4,000 meters and into the strato-
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sphere. On the other hand, at the equator he would have to go
up 17,000 meters to get into the isothermal layer.

A pilot can get pressure and temperature by direct reading,
but there is no instrument to tell him the density of the air. It
happens that at 8,000 meters the density is practically constant
over all the globe. Above this height, air is denser over the
equator than over the poles. In fact, density appears to be a
function of pressure and temperature in low levels. Hence two
words have been introduced into the language—barosphere and
thermosphere—one to represent the region where pressure controls
and the other the region where density is a function of
temperature.

There is but little prospect of any free-flying soaring plane
getting out of the lower airsphere though there is a possibility
that in the future, towed sailplanes may rise near its upper limits
or even pass through it into the upper shell.

Air Has Weight.—That air had weight and offered definite
resistance was known to the ancients. Mention can be made of
a glider that was constructed early in the eighteenth century by
a German architect, Karl Frederick Meerwin, which is mentioned
to show that even at that early day considerable was known of
the laws of air resistance. He computed that an area of 130
square feet would be necessary to support the weight of the
average man, and this was a very good approximation of the
truth. He also made the sensible suggestion that experiments be
made over water to avoid serious accidents, which advice was
followed several hundred years later by Count Zeppelin in Ger-
many and Professor Langley, former head of the Smithsonian In-

stitution, in experiments over the Potomac River at Washington.
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Cause of Winds.—Heating air by its contact with the hot
ground causes it to rise and cooler air rushes down to take its
place. Air over a plain heated by the hot sun will rise faster than
the air over a lake or a forest, so the ascensional power will be
greater and the cold air will flow in faster, this producing the

WIND

From Beaufort Scale of Wind Force

Mean Wlnd Equiva-
General Specification of Beaufort Scale Fo;(cie %)teig?tn d lent
Description For Use on Land Based on Ob-| 2 Y |Velocity
of Wind servations Made at Land Stations in Miles
Mb Lbs. per| per
* | Sq. Ft.| Hour
Calm .......... Calm; smoke rises vertically..... .00 .00 o
Light air........ Direction of wind shown by smoke
drift, but not by wind vanes.... .01 .01 2
Slight breeze....|Wind felt on face; leaves rustle;
ordinary vane moved by wind.. .04 .08 5
Gentle breeze...|Leaves and small twigs in con-
stant motion; wind extends light
flag .o e 13 .28 10
Moderate breeze.|Raises dust and loose paper; small
branches are moved............ .32 .67 15
Fresh breeze....|Small trees in leaf begin to sway;
crested wavelets form on inland
WALETS v vvvvvrnennnceanonnnsrens .62 1.31 21
Strong breeze...|Large branches in motion; whis-
tling heard in telegraph wires;
umbrellas used with difficulty...| I.I 2.3 27
High wind...... Whole trees in motion; inconven-
iences felt when walking against
wind ... i 1.7 3.6 35
Gale ........vv0 Breaks twigs on trees; generally
impedes progress ............. 2.6 5.4 42
Strong gale..... Slight structural damage occurs
(chimney pots and slates re-
moved) ....iiiiiiiiiiiii i 37 v 50
Whole gale..... Seldom experienced inland; trees
uprooted; considerable struc-
tural damage occurs .......... 5.0 10.5 59
Storm ......... Very rarely experienced; accom-
panied by widespread damage...| 6.7 14.0 68
Hurricane .....| ... . iiieiiiiieniiinniinennnn. 8.1 Above | Above
17.0 75
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winds as well as ascending and descending air currents. The
force of air in motion increases as the velocity of movement
augments. Air moving at two miles per hour is a slight breeze
and it exerts a pressure of .01 pounds per square foot area on a
plane surface at right angles to air flow. An increase in speed of
15 miles per hour is called a fresh breeze and the pressure in-
creases to .67 pound per square foot. Wind velocity may be
measured by an instrument known as an anemometer or with a
modification of the airplane air speed indicator.

Air Resistance.—The factor of air resistance is a very im-
portant one which must be given careful consideration by the
designer of aérial craft. It is of considerably greater moment
than one would assume on first thought. The shape of the object
being forced through the air (or, in fact, any other gas or fluid)
will have a material bearing upon the resistance offered to its
passage. A ‘“streamline’”’ body has the least resistance.

Air resistance has been estimated to increase as the square of
the velocity, so that it will be seen that at ten miles per hour
atmospheric resistance is four times what it was at five miles per
hour; at 50 miles per hour, which is ten times the speed of five
miles, the air resistance will be a hundred times as great. It has
been found that air currents moving at the rate of 60 miles per
hour have a pressure of approximately 17.7 pounds to the square
foot, and from this basis the indication of almost any speed may
be determined with reasonable accuracy. In this case it is well
to know that the horse power required to overcome resistance
increases as the cube of the velocity, whereas air resistance

augments as the square of the velocity.
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In the same manner in which varying power may be secured
by altering the pressure of the wind on the sail of the vessel by
changing its position, it will be seen that by varying the angle
of a plane in the air that it is possible to vary the degree of sus-
taining effort. It is apparent that efficient airplane wings must
be proportioned with a view of offering minimum resistance to
the wind, and it must reach this result with some sacrifice of
lifting effect or sustaining power. Wind tunnel experiments have
brought out in an unmistakable manner the retarding influence of
air resistance and in modern aircraft designs, especially in types
designed to fly with little or no power or those powered airplanes
intended for very high speeds, the factor of air resistance and its
reduction is carefully studied.

The supporting surface of a sailplane may be considered as
having some of the characteristics of a boat sail as the power of
sustentation or support it has is obtained from the action of wind
or air currents in motion over and under its surface. The air
movement is usually caused by a combination of the wind and
falling speed of the soaring plane or glider. It will soar if the
lift component of the slope wind is greater than the falling speed.

Relation of Lift to Resistance.—The resistance of an airfoil
or wing section is not nearly as great as that of spherical, cylin-
drical or rectangular bodies. A properly formed airfoil, inclined
at an angle to the relative wind of less than 16 degrees (because
the lift becomes greatly reduced if that degree of inclination is ex-
ceeded) will have considerably more lift than drift. As the plane
progresses through space with sufficient velocity to obtain a sus-
taining influence due to the air beneath it and the suction effect

above it, it is thus able to overcome the attraction of gravity.
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In this connection it is well to state that the lift on the ordinary
airplane wing section is not due solely to air pressure on the lower
surface of the airfoil, but, on the other hand, a study of the
diagram at Fig. 7 will indicate that there is a pronounced suction
effect acting at the top, because there is an area of reduced or
negative air pressure which, of course, contributes materially to
the total lifting effect, averaging 75% on most airfoils.
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Fig. 8.—Diagram Showing Meaning of Lift and Drag and Forces

Represented by These Terms on a Flat Plane. By Using Airfoil

Section Planes or Wings the Lift Component Is Greatly Increased and
the Drag Component Is Reduced.

It may be stated that this area and the attending lifting influ-
ence will vary with the shape of the airfoil, and that this will
also depend upon the aspect ratio of the plane, the angle of inci-
dence and the velocity with which it is passing through the air or
that of air currents passing over it. To lift the plane, therefore,
we must have both compression under the bottom surface and
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partial vacuum at a portion of the top surface, the direct pressure:
produced by the former and the increase of lift produced by the
yielding of the other raise in ratio with velocity of the airstream.
It is apparent that the movement of the air or velocity of the wind
must be sufficient to cause a partial vacuum above and com-
pression below to secure either dynamic or static soaring flight.

How Air Pressure Varies With Speed.—The following
tabulation will give the wind pressure acting against a square foot
area at right angles to the wind at the different velocities :

WIND PRESSURE AT VARIOUS VELOCITIES

Feet Velocity feet Miles Pressure per
per second per minute per hour square foot
1.47 88 1 .005
7-33 440 5 123
14.67 880 10 .492
36.6 2,200 25 3.075
733 4,400 50 12.3
102.7 6,160 70 24.103
146.6 8,800 100 49.2

The figures given above have been determined by considering
the pressure of the wind upon a fixed object, but there is proba-
bility that there would be some departure from these values in
the event of an object being driven at the speeds indicated against
the atmosphere. The table is, therefore, of value only that it
shows that with the increase in air velocity there is a great in-
crease in pressure, which obviously can be taken to mean that
there would be a greater sustaining force when the plane is placed
at its most advantageous angle of inclination with the relative
wind, because it is at this point that the greatest lifting effort
will be secured with a minimum of resistance. The lift-drag
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ratio is greatest when the “lift” force is high and the “drag” or
“drift” force value is low. (See Fig. 8.)

The effect of the strength of wind at higher velocities is well
known and can be easily understood by any one who has flown a
kite. On a windy day there was a much greater pull upon the
string than when the movement of the air was less and, unless a
favoring air current was found, it was impossible to keep the kite
in the air unless one exerted a pronounced pressure under the
kite by running along the ground in order to draw it through
the air by means of the restraining cord. In still air the kite will
not raise itself from the ground, and it will fall as soon as the
air lift produced by drawing it through the air stops.

It will be evident, therefore, that if one or more surfaces of
the usual airfoil section are attached to a frame that is capable
of sustaining a pilot and if the surface curvature and area are
sufficient to displace the air to an extent capable of exerting a
vertical component reaction called “lift,” which must be greater
than the entire weight of the apparatus and its load, we have
contrived an airplane which will be capable of flight. The amount
of wind force required depends upon many factors, and as a
general rule the greater the surface of the airplane for a given
weight the less the speed that is necessary to drive it through
the air to secure sustentation and in case of soaring planes and
gliders the less the amount of wind power required to lift it from
the ground.

The smaller the wing area, or the more the value of the wing-
loading factor is increased, the greater the wind power necessary
to secure flight. Airplane or glider design, the same as that of

any other mechanical contrivance, is a series of compromises and
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the final form can only be arrived at by a careful consideration
of the many differing factors on which design is based. The
difference between a powered airplane and one without power is
that the latter can only be flown (short glides excepted) where
air currents are favorable. The former produces its own air cur-
tents as 1t is drawn through the air by the motor-driven air screw.

Bumps and Air Pockets.—Bumps are encountered through-
out the altitudes in which most flying is done. They are to be
found in the entire cloud region below the cirrus clouds. They
are not uncommon up to 13,000 feet, but they are most prevalent
in the lower stratum—Dbelow one mile. Any region regardless of
the thickness of the stratum of air may be divided into two parts
in a discussion of bumpiness, according to Luckiesch. One part
is that close to the ground and the remainder constitutes the other
part. Of course, bumpiness near the surface due to uneven
topography and artificial obstructions is absent over oceans and
great lakes. However, it can be bumpy over the water due to
mixed air currents and slightly due to rising air.

In hilly country, in mountains, and even in deep valleys all
factors combine to produce bumpiness at times. Air may be
deflected and eddied by mountains. It will be cooler at the crest
and on shaded areas. It will be hotter over barren rocks in the
sun and less hot over sunny wooded areas. Cool air will flow
down the slopes from the crest or from the woods. Any of many
conditions may be found here and there so that such regions are
naturally bumpy. A third type of bumpiness is not as general as
those due to topography and to unequal heating of the earth’s
surface, but it is more serious. This is the bumpiness on the

borderline between two great air currents or between two widely
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different conditions, according to Luckiesch, writing in Popular
Awiation.

The magnitude of the jar or bump depends not only upon the
abruptness of change in the direction of the air current but also

upon the velocity and total weight of the airplane and its load.
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Sailplanes will be more easily carried by ascending air currents
than motored airplanes and as their speed is less, they will not
receive the violent impact a fast-moving, power-propelled airplane
will meet when moving across from one air current to another.
The sailplane in soaring flight rides the air currents, it does not
pass through them rapidly as an airplane with power does. How-
ever, a sailplane may be tossed about more in turbulent air than
a power plane will on account of its lightness. A light canoe
moving along slowly over turbulent water is tossed about by the
forces of the deflected water which would make little or no im-
pression upon a heavy boat.

If the turbulence is not too great the bumpiness becomes less
and less noticeable as the speed of the canoe is increased. Thus,
it is seen that bumpiness depends upon the vehicle and its charac-
teristics as well as upon the medium and its characteristics. The
relatively great spread of the wings of airplanes gives the air
currents a correspondingly great leverage so that the abrupt side-
ways tilt is commonly noticeable in bumpy air. If the airplane
strikes a deflecting current squarely, the movement of the craft is
upward or downward.

Before considering the many forms and locations of bumpiness
in the aérial world let us confine ourselves to that really dangerous
layer at the earth’s surface. The topography of this surface,
including trees, hills and artificial structures, is fixed but bumpi-
ness can arise from two causes. When there is no wind there
can be a difference in the absorption of heat from the sun which
gives rise to upward (convection) currents of air of various
velocities. The difference in these velocities depends upon the
difference in the temperature of the various surfaces and upon
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the intensity of the solar radiation. Other conditions being equal
bumpiness is less at night than in the daytime. Furthermore,
where there is no wind this kind of bumpiness practically disap-
pears when the various surfaces become cooled to the same tem-
perature. (See Fig. 9.)

When a wind is blowing every stationary object deflects the
course of the air current just as partially submerged rocks do to
the water in a trout-stream. Besides these deflections there are
eddies and general turbulence. Much of the force or energy of
winds is expended by such deflections and air-movement near
the earth’s surface and is generally slower than at some distance
above it on account of this “friction.” An air hole or air pocket
is simply a descending current of air and the transition from
an ascending to a descending current and vice-versa always re-
sults in a “bump” in a powered plane.

Attraction of Gravity.—We will now concern ourselves with
defining the attraction of gravity. Every mass of matter that is
near the earth if free to move pursues a straight line toward the
center of the earth, and the force by which this motion 1s pro-
duced is called gravity. At the same distance from the center
of the earth the gravity of different objects varies as the mass.
If a body is not free to move, its tendency to go toward the
earth’'s center causes pressure, and the measurement of this
pressure is called the weight of the body. Weight is usually
employed as a measure of mass. The more the pressure of a
body is towards the earth’s center, the greater the weight. The
body that is said to be the lightest is one that has the least

gravity attraction. The attraction of gravity varies directly as
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the mass, the greater the mass the greater the force acting to
bring it towards the earth’s center; the nearer the earth’s center
the less the attraction. A body 2,000 miles under the earth’s
surface would be attracted with only half the force that would
obtain were it at the surface. It is at the surface of the earth
that this force is greatest and at great heights it is less. For
example, 4,000 miles above the earth’s surface gravity is one-
fourth the amount it is at the earth’s surface. At heights at which
it is possible to carry on experiments the variation is very slight
and may be regarded as negligible.

It will be evident that one of the most important forces to be
overcome in flying machines is the attraction of gravity, and
considerable power will have to be utilized for this purpose alone.
With either primary gliders or soaring planes, it is the pull of
gravity as represented by the sinking speed compared to the
flying speed and to the velocity of the slope wind that determines
the gliding angle or length of glide of the machine after it is
launched. As lighter machines have less gravity attraction, all
other conditions such as velocity of slope wind, wing loading,
etc., being equal, they will have a more gradual gliding angle, i.e.,
they will glide further after launching than heavier machines.
Soaring planes are lighter in proportion to their size than gliders
and also offer less resistance to the air because of the streamlining.

Moving Air Exerts Pressure.—All bodies moving through
the air have their movement resisted because air is a medium
having definite weight, just the same as water resists the passage
of a ship through it. The resistance varies with the shape of
the object drawn through the air and the speed at which it is
moved. A kite is kept aloft by the lifting effect of the wind
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or air in motion under its lower face, the kite being kept from
traveling with the wind by a string leading to the ground. The
wind pressure is sufficient to keep the kite aloft, though if the
wind dies down the kite will fall to the ground.

Similarity in Operating Forces of Kite and Glider_Note Area of Reduced Pres-
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Cord Catapult.

The action of a kite is often used to illustrate the principle on
which the airplane or glider flies, as shown at Fig. 10. The kite
is a simple plane surface, held against the wind at an angle of
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attack that insures a sustaining effect or lift under its face. A
tail is provided to give a stabilizing effect and any one who has
flown a kite knows the careful and numerous trials that were
necessary before the right combination of tail length and weight
was found, to keep the kite from pitching about. The simple kite
shown was invented by the Chinese several thousand years ago and
is satisfactory as a toy for small boys, but for more scientific pur-
poses, such as elevating meteorological instruments, the box kite
was found to have greater stability and lift and could be flown
without a tail. This is just another way of saying that the com-
bination of the two tandem-mounted, box-like members with their
vertical sides and partitions is more stable than the kite and tail
combination. The first airplanes experimented with in Europe by
Voisin and Farman were really large box kites provided with
motive power and the Chanute and Wright biplane gliders were
also evolved from the box kite.

How Gliders Are Supported in the Air.—The motorless
airplane of modern form consists of one or more lifting surfaces,
which are cambered planes attached to a suitable body member or
open fuselage carrying the control surfaces, a suitable landing and
starting gear and the pilot. The action of a glider and the way
sustentation is obtained is different from that of an airplane.
The weight of an airplane is supported in the air because the air
lift due to compression under the wings and suction lift above
the wings is greater than the weight of the contrivance fully
loaded. An engine furnishes power to draw the motored airplane
through the air at high speeds by an aérial screw and the high
speed of movement compresses the air under the inclined wings.
As long as the lift is greater than the weight, and pull is greater
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than the resistance to forward motion, the airplane will resist
gravity and overcome the retarding influence due to air resistance
as well; thus maintaining its position above the surface of the
earth independently of wind or air currents as well as moving at
rates of speed depending upon factors of design, now well known
to engineers and under full control of its operator. An airplane
can be maneuvered as desired regardless of wind or weather.

The simple type of training glider is usually launched into the
wind by elastic shock cord and the force of gravity replaces the
pull of the kite string or the “traction” thrust of an airplane
motor. As will be seen by the sketch at Fig. 10, the gliding angle
of a training type glider will depend upon the ratio between the
falling speed and the flying speed and the resultant of these
component forces is the “gliding” angle. The flying speed de-
pends on the intensity of the slope wind and the supporting area
of the glider. The falling or sinking speed depends on the weight
of the glider loaded and the skill of the pilot in manipulating the
controls. In a slope wind of a definite value, the skilled glider pilot
will be able to make a much longer glide than an unskilled pilot
of the same weight because he will have a lower “‘sinking” speed
and a higher “flying” speed which produces a resultant force of a
smaller angle, which means a more gradual glide.



CHAPTER THREE

A STUDY OF SOARING BIRDS—INFLUENCE OF
BIRD FLIGHT ON GLIDER DEVELOPMENT

Dr. Magnan’s Study of Birds—Birds Employ Various Methods of Flight
—Soaring Birds Utilize Air Currents—Birds with Largest Wings
Have Weakest Muscles—Bird Has Efficient Aérodynamical Form—
Center of Gravity Location in Birds—Bird Wing Profiles Vary—In-
fluence of Bird Flight on Glider Development—Nature’s Flying Crea-
tures—Loading of Birds’ Wings—Wing Area of Birds—Bird Flight
Difficult to Imitate—Lessons Taught by Birds—Sailplane Moves in
Three Planes—Bird and Plane Form Compared—Plane Forms and
Aspect Ratio.

Dr. Magnan’s Study of Birds.—Dr. Magnan, Doctor of
Science and director of the “L’Ecole des Hautes Etudes,” Paris,
France, has made an exhaustive study of bird flight and the
physiological and anatomical characteristics of various forms of
birds. As over 300 different species were studied, ranging from
large species such as the albatross and great bustard to very small
birds, such as wrens, he has collected 17,000 numerical data;
some on wing surface, forms and areas and others on the parts
of the organism of birds utilized during flight, such as the tails
and muscles of the wing. Dr. Magnan is convinced that the
plastic body of the bird, with its fuselage and supporting surface
can only be the result of the molding action of the air, which
offers considerable head resistance and that considerable data of
value to designers of motored and motorless airplanes could be

secured by a careful study of birds. Dr. Magnan states:
41
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“To wish to imitate soaring sea birds and practice soaring
flight is to seek to make progress in aviation and to enlist aéro-
nautic science in the cause of the airplane without any engine or
with an engine of small power and is, consequently, a means of
obtaining quickly commercial communication at low cost, due to
the utilization of aircraft which, as soon as they are in the air,
can be piloted without expense for fuel with a speed approaching
that of express trains. It also means an early knowledge of the
aérodynamic conditions of flight, which the laboratory alone can-
not give, and thus pave the way for great discoveries. It is also
the only way to render aviation accessible to every one and to
make it popular.”

Birds Employ Various Methods of Flight.—In the course of
his studies, Dr. Magnan found that birds employ many kinds of
flight, but he considers it reasonable, i1f we would not complicate
the problem, to reduce these kinds to two types, flapping and soar-
ing, remembering that, while we have in nature all degrees of
transition from one to the other, one of them predominates for
each kind of bird. (See N. A.C. A. Tech. Memo. No. 220.)
Flapping flight consists in successive blows of the wings, this
method being employed more or less, according to the species.

All the birds are capable of flapping their wings and most of
them can support themselves in the air by this means though
some, like our domestic fowls, can only make very short flights
and others, like penguins, have their wings so shrunken that they
cannot fly at all. It has long been known that nearly all birds,
before rising, endeavor to acquire a preliminary speed by running
on the ground with their heads to the wind, like the vulture, the
stork and the bustard ; or swimming in the water, like the albatross,
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or by dropping from an elevated place, like the goshawks and the
martin; or by jumping to a sufficient height in comparison with
their size, like the small waders, and sparrows. At this instant,
all species flap more or less violently, in order to acquire altitude.

A large number of species belonging to all the groups, employ
flapping flight exclusively. For many, this manner of flight is
habitual and is practically continuous. Some birds, after attain-
ing sufficient altitude cease flapping and glide through the air.
Most swallows fly thus. They have a peculiar kind of flight,
consisting of alternate periods of rapid flapping and a complete
cessation of flapping. When the speed acquired seems sufficient
to the bird, he closes his wings and shoots through the air like an
arrow.

Other birds, like the martins, after a series of strong rapid
strokes hold their wings rigidly extended and glide for a short
space of time. There are other birds capable of gliding for a
comparatively long period of time. Such are all the species pro-
vided with large wings, like birds of prey, large waders or long-
winged, web-footed birds. They flap their wings much less
frequently than the members of the other groups. Their wing
strokes are always made slowly and but few in succession. Gen-
erally as soon as they have attained a more or less elevated
position, according to the species, they glide with their wings out-
spread at right angles to their bodies. Thus they describe suc-
cessive circles, each a little lower than the last. This gliding flight
is executed even in still air.

Dr. Magnan has stated that all birds flap more or less and glide
more or less and that it is not necessary to separate the two kinds
of flight. They are, in fact, only two different phases of the
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same manner of aérial locomotion, one phase being utilized more
than the other by the bird during the course of its flight, accord-
ing to the different conformations of the various species, as clearly
demonstrated by his investigations.

Gliding flight, of whatever length, during which the bird loses
altitude, must not be confounded with soaring flight. The latter,
may be continuous, but requires for its production, at least accord-
ing to Dr. Magnan’s personal observations, the existence of a
more or less strong wind and 1ts action against the under side of
the wings. This view has been supported by sailplane pilots who
can only soar where the wind conditions are favorable. He holds
the opinion that there are two kinds of soaring flight. In one
kind the bird utilizes ascending currents, the wind having been
forced to ascend by encountering a mountain, for example, or as
a result of the air becoming heated near the ground.

Birds of prey often practice soaring flight, like the eagles in
the mountains and the vulture over the desert. With their wings
wide open, they can thus rise in the air until lost to view, generally
in a spiral motion, without flapping their wings. In the other
case, the bird mounts on the wind (which may be horizontal)
while facing it. With his wings more or less extended, according
to the strength of the wind, he does not give a single stroke, hut
merely balances, in order to maintain his equilibrium. By means
of this wind he acquires altitude, his ascent always being quite
slow. In order to hold any desired direction, he uses his tail as a
rudder. He also uses it as an elevator, if the wind has a tendency
to upset him.

When the bird, which never flies at a great altitude under these

conditions, ceases to face the wind (after a turn, for example), he
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makes a swift glide with the wind behind him and wings out-
spread, thereby losing in altitude. In soaring flight, there are
accordingly two phases. The first corresponds to the first phase
of flapping flight with the difference that a soaring bird, in con-
tradistinction to a flapping bird, makes no effort to raise himself
and finds the force required for his elevation not in the muscles of
his body, but in the surrounding medium. The second phase, on
the contrary, is the same in both methods of flight, since both

Dr.Magnan’s
Soaring Plane Design

Rear View

Fig. 11.—Front and Rear Views of Monoplane Soarer Designed by
Doctor Magnan from Data Obtained by His Comprehensive Studies of
Bird Flight.

the soaring and the flapping bird utilize and combine two forces,
the force of gravity and the resistance offered by the air to their
fall, according to the area of their supporting surfaces, for the
purpose of controlling the speed of their descent.

Soaring Birds Utilize Air Currents.—Good soaring birds,
which fly against the wind, can maintain themselves in the air

for a long time without giving a single stroke with their wings.
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It has seemed that birds made their best flights when the wind
appeared to an observer on the ground to be continuous but rein-
forced at intervals by squalls. This kind of soaring flight can be
employed only by certain species having a special conformation.
Among birds of this type are the albatross, frigate bird, gannet,
petrels and gulls. For soaring flight, the three former species do
not require a strong wind. The two latter families, on the con-
trary, seldom practice soaring flight without a strong wind.

The flapping bird also utilizes the wind. He can also make
soaring flights in the theoretical sense of the term, but since his
conformation does not enable him to be a true soarer, he only
utilizes the wind to diminish his efforts in flapping. Thus the
small waders and quails, which possess characteristics recalling
in miniature those of the gannets and gulls, succeed in flying
across long stretches of sea in their migrations, for which their
own motive power would be insufficient.

Birds With Largest Wings Have Weakest Muscles.—Dr.
Magnan found that the relative weight of the small pectoral
muscles varies, on the whole, like that of the large pectorals and
that, moreover, the same as there are groups more or less well
equipped with wings, there are also groups more or less well pro-
vided with muscles, with this peculiarity, that the best rigged with
wings have the poorest muscles. We learned in physiology that
the work of which a muscle is capable is proportional to its weight.
In fact, the strength of muscles is proportional to their size, t.e.,
to the number of fibers they contain.

The inverse ration which exists, on the whole, between the
weight of the pectoral muscles and the relative wing area is, more-
over, very easily explained. Flappers have a rather small or very
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small wing area. They can support themselves in the air only by
flapping their wings more or less rapidly. Their down-stroke
muscles are well developed, by reason of the expenditure of the
muscular energy required by this method of flight. The same
holds true for the flapper-gliders. The size of the large pectorals
is in proportion to the rapidity of the strokes. They are small on
the night raptores, which flap slowly and glide frequently. They
are very much enlarged on the passeres like the martins which
fly by means of very rapid strokes separated by longer or shorter
periods of gliding.

Soarers, on the contrary, flap only to ascend or support them-
selves when there is no wind. Most of the time they soar by
utilizing ascending or horizontal winds or glide through the air
with their wings extended and without the least stroke. The
muscular effort being small in all cases the large pectorals are
less powerful. As regards the small pectorals, the same reason-
ing applies to the soarers. On the latter, these muscles are small,
because most of the time the wings are motionless and also because
their lifting may be considered as automatic, on account of their
large area. On birds with small wings, the weight of the small
pectorals, on the contrary, is ten times as great proportionally as on
soaring birds. Furthermore, although the up-stroke muscles of the
latter average twenty times smaller than the down-stroke muscles,
they are not over three times as small, for example, on the gallinz.
Lifting the wing therefore requires a great muscular effort when
the wings are small, this being true even for birds which fly
scarcely at all. Their down-stroke muscles are partially atrophied,
but their up-stroke muscles are large enough to lift the wings
during their rare flights.
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In 1911 Dr. Magnan explained the inverse ratio existing be-
tween the motive power of birds and the size of their wings. For
birds, as well as for airplanes, small wings necessitate a large
motive power, but with one point of difference. Hitherto the
improvements in engine construction have conduced to the idea
that the best airplane is the one propelled by the most powerful
engine and capable of carrying the heaviest load. On the con-
trary, soaring birds, which are the best fliers, have the smallest
motive power and carry the smallest load. The same applies to
sailplanes used in soaring flights, the wing area is large in pro-
portion to the weight.

Bird Has Efficient Aérodynamical Form.—The master
section of a bird is shaped very much like that of a fish. There
is, in both, an inversion of the body, i.c., a compression in front
in the horizontal plane and a compression in the rear in the
vertical plane. The master section of a bird, projected on the
vertical plane or on the horizontal plane also has, therefore, the
shape of a parabolic curve. If the bird is laid on its side the
summit of the curve is toward the head in the vicinity of the
greatest width of the body which is always located at the posterior
part of the shoulder joint and on the axis of the body, i.e., on the
straight line between the beak and the tail. The horizontal plane,
passing through this axis, divides the body into two very unequal
parts. The ventral part is much the larger and the branch of the
master section belonging to it is much the longer. When the bird
is laid on its back, the summit of the curve is, on the contrary,
situated on the ventral line toward the tail and both branches are

equal, producing a good streamline form.
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The shape and, consequently, the position of this master section
also vary with the manner of flight. Its projection on the hori-
zontal plane is a parabolic curve whose branches are very divergent
and whose summit is very much in front of the body proper on
soarers and flapper-gliders. For flappers, this projection presents
an elongated form. The branches, originating near the shoulder
joints, extend backwards with the formation of an acute angle
and join on the ventral line near the middle of the wings. The
master section is therefore in front of the body in birds of small
motive power and much farther back in those of great motive
power.
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The general shape of a bird’s body very evidently resembles
the shape of a fish. Both the body and the wing are thicker in
front and tapered toward the rear, this conformation being par-
ticularly noticeable in all birds with their feathers on. " This
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streamline section (see Fig. 7) produced by nature is also used in
man-made soaring planes and powered airplanes where the airflow
by the surfaces with the minimum of drag or resistance is desired.
The faired fuselage and tapered wing of the modern sailplane
closely approximate the shape of a soaring bird, such as a gull or

albatross. (See Figs. 11 and 12.)
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Center of Gravity Location in Birds.—Dr. Magnan has also
determined the location of the center of gravity of various birds.
For this purpose, he employed various methods, which we cannot
describe here. It was found that the center of gravity, which is

always situated practically in the vertical plane passing through
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the longitudinal axis, is consequently placed far forward on
soarers and flapper-gliders and much farther back on flappers. In
the former, it always corresponds to the front third of the wings
and is nearer the front sixth in the best fliers. In flappers, on the
contrary, it is nearly opposite the middle of the wings and ap-
proaches the line joining their middle points in proportion as they
are poorer fliers. Moreover, the center of gravity always lies
below the longitudinal axis and a little above the middle of the
greatest thickness of the body in birds of small motive power and
slightly below the middle in those with large motive power. (See
Fig. 13.)

Bird Wing Profiles Vary.—The wing profile of the Pondi-
cherry vulture is very peculiar, in that it has a recess on the lower
side just back of its leading edge. According to Hankin, similar
recesses are possessed by the adjutant, crane, and flamingo, hence
by land soarers with a high wing loading. It was therefore as-
sumed that the recess facilitates soaring. According to Hankin
the birds with the recessed wing profile soar swifter than those
with the eagle or owl wing profile while, on the contrary, the
gliding angle of the latter profiles is better than that of the
recessed profile. Airplanes with this profile were wrecked in
their first tests. The recessed profile is likewise unsuited for
dynamic soaring flight because it develops vortices, which increase
the drag. The recessed wing section of the dusky horned owl
shown at Fig. 14 was modified and became the R.A.F. No. 5 air-
foil section shown above it.

Influence of Bird Flight on Glider Development.—Nature
had, for hundreds of thousands of years, endowed certain crea-

tures with power to move at will through the air and prehistoric
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reptiles with enormous wing spreads were the remote ancestors
of our present-day birds. Naturally, the first reasoning human
beings envied the birds this power to navigate the air and many
studies of bird flight were made by early philosophers. Tt was
the study of soaring birds, rather than those that fly only by

R.A.F. No.5 Aerofoil Section

Wing Section of Dusky Horned Owl

LT

R.A.F. No. 3 Aerofoil Section

Ulna,

]
'

{ Wing Section of Herring Gull

‘Tensor Patagiilongus

Fig. 14—How Birds’ Wing Sections Compare with Early Airfoil
Sections Used on Powered Airplanes.

rapidly flapping their wings, that gave man the first clue to avia-
tion. The reader is asked to study the diagrams presented at
Fig. 15. The gull shown at A\, is soaring and with wings fully
extended, head thrust forward, tail extended and feet retracted,

offers the minimum resistance and maximum supporting sur face.
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Lateral balance is obtained by the flexed wing-tip feathers; move-
ments of the tail vary the angle of attack for best meeting the air
current. The Dbird makes these movements instinctively. In
alighting, the bird's position changes materially. The body is
tilted upward, the wings are changed so they are at a sharp angle
with the air currents, the feet are extended and tail depressed.
The position of every part is such as to offer maximum resistance
and bring soaring flight to a stop. The lift of the wings is de-
creased and their resistance or retarding power greatly increased
by the sharp angle of attack shown at Fig. 15B. |

The Le Bris glider, shown at C, Fig. 15, was the invention of a
Frenchman who, as early as 1867. conceived the idea of flexing
wings to secure lateral balance, and its form was such that if a
sufficiently light power plant had been available, the creation would
undoubtedly have left the ground and made powered flights at that
early date, and as directional control by use of rudders was an
ancient art, the machine could have been controlled in flight. A
later form of soaring plane shown at Fig. 11 was designed in
1914 by Dr. Magnan, a French scientist previously mentioned
for flights in horizontal and slope winds and also closely followed
bird form and was based on an exhaustive study of the propor-
tions of soaring and other birds. A typical modern soarplane is
shown in outline at Fig. 12. This only approximates the plan
form of a hird.

Nature’s Flying Creatures.—Nature has provided othet
creatures that fly besides the birds. The insect world offers many
examples of flying creatures. The dragon fly, with. its large wing
spread, appears to glide at times, as does the butterfly, but other
insects can only keep in the air while their wings are vibrating



54 A B C OF GLIDING AND SAILFLYING

rapidly. The beetle family are wing case insects. (See Fig.
15D.) The membranous members are protected by hard cases
when the insect is at rest, and when in flight the wing cases are
spread out to offer cambered planes for support while the rapidly

vibrating membranes serve as a propulsive medium. Insects such

Soaring bird, with wing tips flexed to secure
lateral balance and wings curved fo secure
lift from air currents

- f/7/ \—_,‘,__ a/'/ Q\
= = extended for Bajarnice

Air Currents

Taildepressed
foincrease
reststance

—_—

—
Gullalighting with

wingsin position B L C
to secure braking The Le Bris’Glider
effort by offering ) Aman made soaring machine that used
RTINS ool fifended  Tingns o emure baane el
’ bird forms
Hard wings case offers Lin Fins o d
acamberedp/aﬂ?\ /@ large tai/ %[arge Z'ﬁ?&;;ﬁ%% f;%rz/e"r
for support WA D usea%v airor <+ N andactas
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Fig. 15.—Study of Bird Flight Gave Man the Clue to Mechanical
Flight. A—Position of Wings and Body of Soaring Gull. B—How
Alighting Gull Changes Wing and Body Position to Offer Maximum
Resistance and Thus Arrest Forward Motion. C—The LeBris Glider,
an 1867 Model, Closely Approximated Bird Form. D—Wing Case
Insects Use Hard Wing Coverings as Planes for Support and Mem-
branous Members for Propulsion. E—The Flying Fish Leaps from
Wave to Wave and by Extending Its Fins Derives Some Degree of
Support from Air Currents.
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as beetles have considerable weight and size in proportion to their
supporting area, while butterflies have much greater supporting
area and can fly with more deliberate and slower wing movements.

The flving fish, as shown in Fig. 15E, is able to leap out of
the water and by extending its fins, which are of much larger area
than most fish have, it 1s able to derive some support from the
air currents before gravity returns it to its native element. The
tail is large and a vertical fin under its body has sufficient area to
provide some stabilizing influence. The flying fish is not capable
of extended flights, as birds are, but of long leaps from one wave
crest to another. Certain reptiles, such as frogs with extremely
large membranes on their feet and mammals such as the “flying”
squirrel’ which has a skin joining its front and back legs that can
be distended to give it a certain supporting area can make quick,
steep glides but cannot soar. The small mammal, the bat, our
modern survival of prehistoric times, has flexible membranes of
considerable area and powerful muscles by which they may be
vigorously flapped so that flights are possible and steep glides can
be made by keeping the membranes extended.

Loading of Birds’ Wings.—There is some similarity in cross-
section of some of the airfoils used for early airplanes as shown
at Fig. 14 and the wings of birds. The wing loading of birds,
i.c., the amount of weight carried per unit area is light compared
to that of flying machines as it varies from a minimum of half a
pound to 2 pounds per square foot. The wings of a black vulture,
for instance, are loaded 1.25 pounds per square foot. The sus-
taining members of the dusky horned owl and the tawny eagle
are loaded about .go pound per square foot. All birds’ wing

sections as well as their plan forms are different and undoubtedly
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have changed in form as a result of a natural development or
evolution depending upon the habits of the birds, such as whether
they were gliders, soarers, flappers or swimmers. Soaring planes
also have a low wing loading of about 2 pounds per square foot
or slightly more hut the airfoil sections of modern airplanes and
gliders differ considerably from sections of birds’ wings, being
thicker and shorter in most cases.

Wing Area of Birds.—The student of airplanes may wondet
what the proportions of the flving machine devised by Nature are
and how the supporting surfaces compare in different birds in
reference to their weight and {lying power. It is conceded that a
study of bird flight and form may be of interest to the student and
it is necessary to give this more than passing consideration at the
present time because modern sailplane design was influenced con-
siderably by the study of the flight of soaring birds. Tt has been
stated that in prehistoric times much larger creatures inhabited
this earth than we know of to-day. These included peculiar fly-
ing forms that were neither bird, reptile nor mammal, but which
had characteristics of all these. Many centuries ago a large flying
creature which was a combination of reptile and bird and which
was known as the Pterodactyl existed, and while it is not possible
to give the exact size of this creature, from the present existing
skeletons reconstructed by modern scientists, it is assumed that
the wing spread was about 20 feet and that a supporting area of
about 25 square feet was available for supporting it in flight. The
weight was 30 pounds and it was estimated that it was capable of
exerting about 1/25 H.P.

If we consider the modern birds, among the largest of the soar-

ing bipeds is the condor, which has a wing stretch of 10 feet from



STUDY OF BIRD FLIGHT 57

tip to tip, a weight of 17 pounds, a wing area of about 10 square
feet and which is capable of exerting about 1/30 H.P. The
turkey buzzard is a smaller soaring bird which has a wing stretch

Germon Taube Design Soaring Bird

Bird Nosing Up P A FARS
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Fig. 16.—Diagrams Showing Plan View of Early German Airplane

Design Compared with Plan of Soaring Bird at Top of the Illustration.

The Other Illustrations Show How a Bird Can Shift the Relation of

Pressure and Gravity Centers by Wing and Tail Movements to Secure
Changes of Direction in a Vertical Plane.

of 6 feet, a supporting area of 5 square feet, a weight of 5 pounds

and a power capacity of but little over 1/100 H.P. It will be
evident that the ratio of supporting surface to the weight of the
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creatures does not always vary directly with their weight and,
strange to say, the larger the creature the less the relative power
and surface area needed for its support.

It has been stated that the lungs of a bird, filled with air and
the fact that all of its major bones have very light walls and are
hollow greatly reduced the body weight in proportion to its size
and its form was such that a certain aérodynamic lift was obtained
by air pressure under the body while in flight. Then again, much
of a bird’s bulk is due to feathers, which are light in proportion
to their size. When plucked, a large bird shrinks in size in an
amazing manner. Feathers are nearly as light as the air they dis-
place and even quills are picked up by the wind and carried away
because of their light weight in proportion to their size and sup-
porting area. In modern airplanes and sailplanes, many of the
structural members, such as box spars and frame tubes are hollow
to save weight just as the bones of birds are and of course, the
wings and fuselage are extremely light for their bulk.

Bird Flight Difficult to Imitate.—When one compares the
flight of hirds with the principles that underlie the support of an
airplane or sailplane in the air, it is only because the bird 1s
Nature's flying machine and such comparisons are not fair because
a part of the supporting force through which a bird flies is
obtained by the flapping of wings, which so far has not been suc-
cessfully imitated by man-made mechanism. It is not strictly a
flapping movement, but one that combines a flapping to provide
lift with a forward thrust. Another thing that can never be
imitated is the peculiar instinctive codrdination of various body
parts by which a bird can change its center of gravity in its rela-

tion to the center of pressure and secure up or down flight by
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movement of its head, tail or wings. (See Fig. 16.) Proponents
of the early types of suspension gliders thought they could shift
their bodies and do this balancing instinctively with practice but
they found that the centuries of evolution birds had gone through
to perfect their technique could not be condensed in the lifetime of
an individual.

A comparison between birds and sailplanes can only be made
when one considers soaring birds and then only as long as the
creature supports itself by changing the relation of its wings and
body so as to secure the support it needs from varying air cur-
rents—obviously as soon as the bird starts flapping its wings it
ceases to act in the same way as an airplane, which cannot have
any relative movement of its supporting surfaces or shift weights
so that changes of the center of gravity may be obtained, though
the control surfaces can cause center of pressure movement on
the wing within reasonable bounds by changing the angle of attack
or the incidence of the wing.

Lessons Taught By Birds.—By watching the flight of gulls,
the Wright brothers conceived the idea of wing flexing for lateral
balance, that next in importance to a light powerful engine, was
to make flying commonplace. They observed that the soaring
birds, such as gulls, maintained lateral balance by flexing or dis-
torting the tips of their wings so they arranged their supporting
planes to obtain a greater positive lift on the wing on the low
side of the airplane by flexing down the tip. Studies of bird flight
have also led to streamline monoplane designs; the use of wings
having much greater span than chord and a plan form for the
complete structure when viewed from the top somewhat the same
as that of a bird with wings extended. (See Fig. 16.) An ob-
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server who noticed that a bird held its talons close to its body
when flying suggested the retractable landing gear to reduce re-
sistance, now a feature of nearly all practical amphibian airplanes
and being incorporated in some land planes as well to secure an

increase in flying speed.
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Fig. 17.—Diagram Showing Outline of La Pruvo Sailplane, Having a
Plan View That Closely Resembles That of a Soaring Bird with Wings
Outstretched and Securing Its Lateral Balance by Movable Wing Tips.

Modern practice for planes and gliders of ordinary size is
towards the simplest or monoplane structure and few airplanes are
built that utilize more than a pair of wings on each side of the
fuselage. The principle of the wide advancing edge is made use
of—just the same as obtained in nature’s creation. In a bird,
which is always a strictly monoplane design because nature’s plan

seems to be always to provide maximum possible efficiency in its
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living mechanisms, the body is sustained between two wings that
have sufficient supporting area to perform the necessary functions
of sustentation during soaring flight, but the control of this is so
delicate that by the simple movement or flexing of feathers at the
wing tips, not necessarily the movement of the wings or of the
body, it 1s possible to decidedly change the poise or balance of the
bird in the air.

The application of such natural force is instinctive with a bird
and the utilizing of speed or wind velocity is all performed
automatically without materially affecting the progress of the
creature. The fact that this instinctive control is not impossible
of attainment to a more limited degree by man can be shown by
the instinctive balancing which obtains when one becomes familiar
with bicycle riding—the unconscious movement of the body so
easily accomplished by the rider who has had considerable experi-
ence is very difficult for the novice to acquire, and even after
several years' rest it is possible for one who is familiar with
bicycle riding or who has learned it to get on a machine and ride
off without any trouble. By continual practice, the movements of
the control stick of airplanes or gliders to secure proper balancing
also becomes automatic to a degree.

Of course, the mass of a modern airplane or sailplane is too
great to be affected by any conscious movement of the operator,
though this principle of leaning the body to secure equilibrium
was used in early suspension gliders.

The new system of control, however, does not utilize move-
ments of the entire body, though an inherent sense of equilibrium
is absolutely necessary in order that the aviator may tell when his

plane is not flying as it should, such as having one wing lower
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than the other, or climbing at too steep an angle. When high up
in the air, there is nothing to compare this to except certain parts
of the machine which practice and observation tells the operator
must occupy a certain position relative to the horizon when in
normal flight.

Instruments have been devised to give this information to the
airplane pilot so that in a fog or when flying after dark or in a
storm, one can have an artificial horizon and navigate and control
the airplane properly. As gliders and sailplanes will undoubtedly
be operated during daylight hours, for relatively short periods
of time and under only favorable weather conditions, complete
sets of navigating instruments are not necessary though simple
instrument boards with an air speed indicator, a turn and bank
indicator and an altimeter are fitted to some of the recently devised
soaring planes.

Sailplane Moves in Three Planes.—There are really three
axes about which a sailplane structure can operate, so that three
distinct sets of control surfaces are required. In the usual form
all of the control planes are at the rear of the fuselage and wings.
Those at the tail are called the “empennage.” The elevator, which
consists of two flaps capable of moving up and down, is at the
extreme rear of the fuselage and controls “pitching” or up-and-
down movements. The rudder, which has a vertical surface, is
utilized for the turning or “yawing,” as it is called. The lateral
balancing or “rolling” control, is produced by the ailerons or wing
flaps or by movable wing tips. Wing warping is now obsolete.

Bird and Plane Form Compared.—If one compares the form
of a bird with that of some of the late gliders and airplanes, it
will be apparent that they are somewhat similar in form, because
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both have a wide advancing edge or wing spread and that the
plane or wing is comparatively short, and, as will be evident, the
bird can utilize its tail as an auxiliary wing which aids and directs
its flight. The section of a bird’s wing is similar in the main,
to the cantilever monoplane, being thicker at the point of attach-
ment to the body than it is at the wing tips. While airplanes have
flown successfully with wings of rectangular plan, the most
efficient of our modern designs utilize wings which not only taper
in sectional area but also in plan. It is necessary to provide
some form of rudder or auxiliary plane on an airplane in the
form of an airfoil which can be lifted or depressed, so that the
air will act on the top or bottom of its surface, depending upon the
direction it is desired to fly in to correspond to the elevating
function of a bird’s tail.

The bird has no surface that corresponds to the vertical rudder
necessary on an airplane, because it 1s possible for it to flex its
wings and to flap them simultaneously and thus secure propulsive
effort and change the direction at the same time. It is also pos-
sible for a bird to move its wings forward or back and alter the
center of pressure as well as the angle of attack in a way that
would be very difficult for man-made mechanism to imitate even
approximately, because the bird does it instinctively and probably
without thinking about it. This is not possible with the wings of
an airplane, which must he immovable relative to the fuselage in
order to secure the necessary strength. Tt is possible, however, to
turn an airplane without the use of the vertical rudder hy merely
working the ailerons which would correspond to some degree to
the flexing of the bhird's wing tips. The vertical rudder is neces-

sary, however, to make good turns in the man-made flying
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machine even though it can be dispensed with in Nature’s model.
(See Fig. 16.)

Plane Forms.—The effect of using wings or planes of the
same area but of varying shapes and forms is marked, and also
with those of different aspect ratio and airfoil section, but in
tests the actual results obtained were so much different as to be
the cause of considerable comment. There was no question but
that the form of the wing of a bird when extended in soaring
flight had proportions that could be followed to advantage by the
designer of airplanes; however, the curves of a bird’s wings are
not easily duplicated in man-made machines, so that various forms
of airfoils have been devised that give really good results when
driven through the air at sufficient speed by the thrust or push of a
propeller.

Experiments have demonstrated that within certain limits the
supporting wings of soaring planes should be long when viewed
from the front, and short when seen from the side. The best
proportions have never been definitely determined and vary in
many of the successful creations. The usual aspect ratio of a
motored airplane is about 6 or 7 times the depth or width,
measured along the chord. In soaring planes the aspect ratio, i.c.,
that of span to chord may be anywhere in the range from 10 to
15 to 1. Wing spreads of 60 feet with a chord of about 4 feet

have been noted in some of the German sailplanes.



CHAPTER FOUR

SAILFLYING AND TYPICAL SOARING PLANES

Grouping Sailplanes into Classes—Monoplane Construction Now Fa-
vored—Control of Sailplanes—How Sustained Sailplane Flights Are
Made—Meaning of Glide Ratic—Some Typical Efficient German Sail-
planes—1921 Dresden School Biplane—i1g22 Darmstadt Sailplane
“Edith”—Darmstadt Sailplane “Konsul”’—Hannover Glider “Vampyr”
—Hannover Glider “Greif”—Hannover Sailplane “H 6” (“Pelikan”)
—Sailplane “Der Dessauer’—Darmstadt Sailplane “Geheimrat’—
Dresden Monoplane Glider—Messerschmitt Glider “S 13.”

Grouping Sailplanes Into Classes.—Iirst of all it is neces-
sary to group sailplanes into classes. It is not always possible to
make a definite distinction between gliding and sailing planes, for
here and there sailing flights have been made with primitive glid-
ing planes and glides have been made with sailplane types.

The chief method of classification is according to the nature of
the control. As follows:

1. Planes controlled by displacing the body weight. (Now
obsolete.)

2. DPlanes controlled by movements of the rudder, ailerons and
elevator.

3. Planes controlled by altering the angle of attack or warping
the wings or carrying surfaces themselves. These involve the
use of movable wings and are still in the experimental stage.

In the first group, planes which are steered by displacing the
hody weight, are, in general, called suspension or hanging gliders.
Most of the motorless planes of the first period of development

such as the Lilienthal and Chanute and up to the time of the first
66
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motored flight, that of the Wrights in December, 1903, belong to
this category, which is now obsolete. (See TIFig. 19A.)

At the beginning of the sailflving movement most of the sail-
planes, as in the motor flying field, were biplanes as shown at
Fig. 19A. This is explained by the smaller surface load and the
relatively simple construction and the greater strength. Thus,
by bracing the two wings by interplane struts in connection
with the diagonal wire reinforcing, a great static construction
safety 1s obtained with simple constructive means and in spite
of the small span width a great surface area is possible. Through
the introduction of the free-carrying or non-reinforced (externally
of the wing) design by Professor Junkers the cantilever wing
monoplane, however, soon gained in importance, and in the first
Rhon contest the tremendous superiority of the non-reénforced
wing sailplane had already showed itself. \Vith the same velocity
in sinking and the flying speed increased by the elimination of all
exterior stays and wires, the gliding angle was thereby decreased,
so that in contrast to the reinforced biplane such aérodynamically
high grade sailplanes of the new type can sail under comparatively
small wind veclocities.  (See Fig. 19C.)

Monoplane Construction Now Favored.—The free-carrying
monoplane with control by displacing the rudders can be con-
sidered as a standard, whereas for schooling and instruction pur-
poses the strutted, or braced and reinforced monoplane deserves
the preference. The purpose of the schooling plane is to acquaint
the student with the initial state of sailflying, which is gliding
flight, so that later he may control a high grade sailplane success-
fully. A wire braced primary training plane is shown at Fig. 19B.

Naturally a less strong ascending current is required for a plane
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with a low sinking velocity than is needed for a plane with a
greater sinking velocity. IHHowever, it would be a fallacy to
assume that one must build a plane for the static sailing flight
which shows extremely low surface load and with a minimum
sinking velocity. Such a plane is possible only by sacrificing
aérodynamic efficiency because a lightly built plane requires rein-
forcing struts, stays, etc., on the outside. The detrimental re-
sistance caused thereby consumes a large proportion of the flying
speed, which is necessary for attaining a good gliding figure. This
is understood when one considers that the gliding angle of a plane
is derived as a resultant from the sinking speed and the flying
speed ; so by increasing the flying speed—precluding constant sink-
ing speed—the gliding angle flattens. Therefore, in sailplane con-
struction, efforts should be made towards low sinking speed as
well as towards higher flying speed. (See Iig. 20C.)

Control of Sailplanes.—A sailplane, controlled by adjustment
of the rudders has three control organisms:

1. The altitude control (for flying up and down).

2. The side control (for flving sideways).

3. The transversal or lateral control (for maintaining trans-
versal stability).

Altitude and transversal controls are operated by a vertical con-
trol stick which can be moved to all sides. The side control is
actuated Dy a double foot lever. Corresponding to these three
control organs the plane can be turned in the air around three
axes as shown at Fig. 20D. These are the transversal axis, A-D,
the vertical axis C-D, and the longitudinal axis IE-F. The con-
trols operate in the same manner as do those on a motored plane

equipped with stick control. The transversal axis is not, as one
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CONTROL OF SAILPLANES 71

would suppose, formed by the center of gravity (point of balance)
but by the resultant of the air forces attacking the carrying wings.
This resultant, called the average pressure line, is dependent upon
the cross-section of the carrying wings, therefore, the profile and
the angle under which the carrying wings are exposed to the
direction or flow of the air (angle of attack). This is located in
about the first third of the carrying wings.

Gusts, that is, irregular winds, attempt to bring the plane out
of balance. Gusts attack one side of the wing more than the other,
which means that they lift or lower one side of the carrying wing.
The machine can be brought back from this inclined position by
means of the transversal controls. They are flaps or ailerons
which are jointed to the rear beam or tips attached to the ends of
the carrying wings and are rigidly coupled so that a positive move-
ment of the one results in a negative movement of the other.
They do not differ essentially in construction, operation or effect
from the ailerons of motor driven airplanes. The type of sail-
plane with warping wings forming the third group is not favored.

How Sustained Sailplane Flights Are Made.—It might be
well to mention something on how these sustained flights are
made. Flights for endurance are considered simpler than those
for altitude or distance. They consist mainly in staying in an
area or zone favored with an up-current of air of suitable velocity.
However, a great deal depends upon the skill of the pilot as he
must utilize as much of the energy of the wind as possible. Often
the air currents vary in intensity and it is necessary to soar to
attain altitude in one current and then glide downward to a point
where it is known that there is another up-current, and then to
gain altitude again and repeat the process.
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A hill or range of hills arranged like a horseshoe is ideal for
this purpose, when the wind is blowing toward the open side of
the horseshoe, as an up-current established on the entire inside of
the range, thus allowing the pilot to glide from one side to the
other, soar upwards, and glide back again. To reach great heights,
such as those desired for altitude records, one must search more
carefully for specially shaped hills that afford the strongest type
of up-current. These up-currents have been classified as either
convectional or turbulent. (See Iigs. 6, g and 21.) The con-

vectional currents are caused by warm air rising and being re-

. . . 4
t ‘ﬂ’( ~ Diagram of soaring flight made below cumulus clouds.
\

T D i <
n Py I

N Early Chanute Biplane
Path of Flight rly &hen vl
g Q /STOpe Wind /

An Example of Convectional ) —
Air Curremt Above Air Currerts deflected
— %fb y’/'//// exert Liffing
—_— 5 oct.
Wind Sweeping across Plain fowards ? —
Hill acguires considerable Velocity
—_— -

T2

An Example of a Turbulent Aiwr Current

Fig. 21.—Diagrams Showing the Difference Between Convectional and
Turbulent Air Currents Used in Gliding and Sailflying or Soaring.

placed by cool air descending. This often takes place over wooded
areas, rivers, cities, bare ground surrounded by shaded ground,
and under cumulus clouds, when they are forming. Turbulence is
usually caused by some obstacle on the ground deflecting a hori-
zontal wind upward, such as a hill, a forest causing an up-current
on its windward side, occan waves, etc. In utilizing these currents
a great (Ileal depends upon the judgment of the pilot, who must
decide whether it 1s best to glide to another zone or not. (See
Fig. 21.)
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Meaning of Glide Ratio.—In making flights for distance it is
necessary to get as much altitude as possible before starting, as
one’s altitude at the Dbeginning determines the length of glide
possible before another up-current can be reached. A plane has a
definite maximum glide ratio and can go only a definite distance
horizontally for a proportional vertical drop. (See Fig. 20C.)
This ratio may vary from 10 to 1 up to about 15 to I, according
to Richard Mock, depending upon the aérodynamic efficiency of
the plane. (It is usually somewhat lower than the high figure, a
good average being 12 to 1.)

The first flights for distance were made in 1922, when it was
learned that after one left the original upward current zone one
could make use of the energy of the air by gliding to other hills
or to bare fields with sunshine on them heating the air above the
field. Later, other up-currents were discovered. Of course, to
utilize these up-currents one must take into consideration the time
of day, local and general atmospheric conditions, etc. The skill-
fulness in utilizing the natural resources of the air when flying
cross-country is considered most important in soﬁring and is
obtained by experience combined with training in meteorology.

After learning to fly cross-country, sailplane pilots desire to fly
to a predetermined place and return to the starting point. It is
often difficult to return, as the winds usually had changed or
varied or, if they had not changed, one was on the opposite, or
leeward, side of the hill which aided the first half of the trip. In
flying cross-country it has been found possible to utilize the forma-
tion of clouds or storms. One can often soar for a considerable
period below a cloud that is forming, as it is being formed by
warm air rising and cooling, causing its moisture to condense.
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Often, high hills almost reach the under surface of clouds and in
that way one can gain altitude. It may thus be seen that a soar-
ing plane pilot must always be on the alert to utilize all the possible
energy of the air as well as to control his machine properly.
Some Typical Efficient German Sailplanes.—The following
description of German sailplanes is from the technical memo-
randum No. 413 of the National Advisory Committee for “Aéro-
nautics, translated from Der Gleit and Segelflugzeugbau or “The
Glider and Sailplane” by Alfred Gymnich. While these types are
machines of seven years or more back, they are representative of
modern sailplane practice as it is difficult to see how they can be
improved in the light of our present aérodynamical knowledge.
The following tabulation summarizes some of the important

weights and dimensions of the ten types described.

APPROXIMATE DIMENSIONS AND WEIGHTS OF TEN
GERMAN MOTORLESS PLANES

) . . . Wing | Wing Dead

Type of Glider | i 8ur¢ | Span | Length | Height | \yiqef, | Area | Weight
) ) ) ft. sq. ft. Ib.
Dresden ...... 22 26 and 20 14 5 5 e 154
Edith ......... 23 40 18 5 4 161 198

Konsul ....... 24 62 21 4 4 237 |2870rless
Vampyr ...... 25 40 18 4 5 172 e
Greif ......... 26 38 17 4 6 161 e
Pelikan ....... 27 49 17 .. .. 161 165
Dessauer ...... 28 41 19 5 4 167 253
Geheimrat .... 29 40 18 4 5 154 176
Dresden ...... 30 40 15 4 4 167 260
Messerchmitt .. 31 46 16 .. .. e e

1921 Dresden School Biplane.—This glider (Fig. 22) was

designed by H. Muttray, R. Seiferth and R. Spiess and built by
the Dresden Aviation Club in less than two months. The upper
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wing had a span of 8 m (26.25 ft.) ; the lower wing, 6 m (19.68
ft.). Both wings had slight sweep backs. The upper wing was
continuous and was partially supported by a cabane, while the

lower wing was interrupted by the fuselage and had a dihedral
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Fig. 22.—The Dresden Biplane Glider Had Twin Runner
Alighting Gear.

angle. It lay about 25cm (9.84 in.) above the ground, where
it joined the fuselage and about 40 cm (15.75 in.) at the tips.
The incidence or angle of setting of the lower wing was some-

what greater than that of the upper wing. Each wing had two
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box spars 4 cm (1.57 in.) wide and 6-9 cm (2.36-3.54 in.) thick.

The side walls were hollowed in. The leading edge of the
medium-thick wings was covered with two layers of veneer glued
together so as to give it good penetration. The lower wing was
staggered slightly backward. The cabane struts were made by
gluing the two halves together. They were streamlined, hollow
and wound with linen. They were fastened to one another and to
the fuselage without fittings. In fact, the only fittings on the
whole glider were for the wing struts. The fuselage was approxi-
mately square and had a maximum cross-section of 70 by 70 cm
(27.56 in.). It was streamlined longitudinally, the stern heing
bent upward to protect the elevator. The fuselage was covered
with fabric and tapered backward into a horizontal wedge. The
elevator and rudder were operated by cables. Banking was
effected by warping the wings, although they were doped. The
strong landing gear consisted of two laminated wood runners
separated by the width of the fuselage. They were joined by two
ash arches cross-wise to the fuselage. In addition to the elasticity
of the runners, blocks of rubber were employed as shock absorbers.
Though of light weight and very flexible, this glider was very
strong, as was demonstrated by its many landings on various
kinds of ground, including newly plowed fields. The runners
were attached to the fuselage only by gluing and binding. The
empty weight of the glider was 70 kg (135.1.32 1bs.), so that with
a pilot weighing 70 kg, its<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>