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INTRODUCTORY

In preparing this volume on Flying Machines
the aim has been to present the subject in such a
manner as will appeal to boys, or beginners, in
this field of human activity.

The art of aviation is in a most pr1m1t1ve state.
So many curious theories have been brought out
that, while they furnish food for thought, do not,
in any way, advance or improve the structure of
the machine itself, nor are they of any service
in teaching the novice how to fly.

The author considers it of far more importance
to teach right principles, and correct reasoning
than to furnish complete diagrams of the details
of a machine. The former teach the art, whereas
the latter merely point out the mechanical ar-
rangements, independently of the reasons for
making the structures in that particular way.

Relating the history of an art, while it may be
interesting reading, does not even lay the founda-
tions of a knowledge of the subject, hence that
field has been left to others.

The boy is naturally inquisitive, and he is in-
terested in knowing why certain things are neces-

1



2 INTRODUCTORY

sary, and the reasons for making structures in
particular ways. That is the void into which
these pages are placed.

The author knows from practical experience,
while experimenting with and building aeroplanes,
how eagerly every boy inquires into details.
They want the reasons for things.

One such instance is related to evidence this
spirit of inquiry. Some boys were discussing the
curved plane structure. One of them ventured
the opinion that birds’ wings were concaved on the
lower side. ‘‘But,”’ retorted another, ‘‘why are
birds’ wings hollowed ?’’

This was going back to first principles at one
leap. It was not satisfying enough to know that
man was copying nature. It was more important
to know why nature originated that type of for-
mation, because, it is obvious, that if such struc-
tures are universal in the kingdom of flying crea-
tures, there must be some underlying principle
which accounted for it.

It is not the aim of the book to teach the art
of flying, but rather to show how and why the
present machines fly. The making and the using
are separate and independent functions, and of
the two the more important is the knowledge how
to make a correct machine.

Hundreds of workmen may contribute to the

-



INTRODUCTORY 3

building of a locomotive, but one man, not a
builder, knows better how to handle it. To
- manipulate a flying machine is more difficult to
navigate than such a ponderous machine, because
it requires peculiar talents, and the building is
still more important and complicated, and re-
quires the exercise of a kind of skill not necessary
in the locomotive.

The art is still very young; so much is done
which arises from speculation and theories; too
much dependence is placed on the aviator; the
desire in the present condition of the art is to ex-
ploit the man and not the machine ; dare-devil ex-
hibitions seem to be more important than perfect-
ing the mechanism; and such useless attempts as
flying upside down, looping the loop, and charac-
teristic displays of that kind, are of no value to
the art.

THE AUTHOR.






AEROPLANES

CHAPTER I

THEORIES AND FACTS ABOUT FLYING

Tae ¢ScrENce’”’ oF AviatioNn.—It may be
doubted whether there is such a thing as a “‘sci-
ence of aviation.”” Since Langley, on May 6,
1896, flew a motor-propelled tandem monoplane
for a minute and an half, without a pilot, and the
Wright Brothers in 1903 succeeded in flying a
bi-plane with a pilot aboard, the universal opin-
ion has been, that flying machines, to be success-
ful, must follow the structural form of birds, and
that shape has everything to do with flying.

We may be able to learn something by care-
fully examining the different views presented by
those interested in the art, and then see how they
conform to the facts as brought out by the actual
experiments.

MacHINE Types.—There is really but one type
of plane machine. While technically two forms

are known, namely, the monoplane and the bi-
5



6 AEROPLANES FOR BOYS

plane, they are both dependent on outstretched
wings, longer transversely than fore and aft, so
far as the supporting surfaces are concerned, and
with the main weight high in the structure, thus,
in every particular, conforming to the form
pointed out by nature as the apparently correct
type of a flying structure.

SHAPE OB ForM Nor EssentiaL.—It may be
stated with perfect confidence, that shape or form
has nothing to do with the mere act of flying. It
is simply a question of power. This is a broad
assertion, and its meaning may be better under-
stood by examining the question of flight in a
broad sense.

A St1ONE As A FLyiNg MacHINE.—When a stone
is propelled through space, shape is of no impor-
tance. If it has rough and jagged sides its speed
or its distance may be limited, as compared with
a perfectly rounded form. It may be made in
such a shape as will offer less resistance to the air
in flight, but its actual propulsion through space
does not depend on how it is made, but on the
power which propelled it, and such a missile is a
true heavier-than-air machine.

A flying object of this kind may be so con-
structed that it will go a greater distance, or re-
quire less power, or maintain itself in space at
less speed; but it is a flying machine, nevertheless,
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in the sense that it moves horizontally through the
air.

Power THE GREAT ELEMENT.—NoOW, let us ex-
amine the question of this power which is able to
set gravity at naught. The quality called energy
resides in material itself. It is something within
matter, and does not come from without. The
power derived from the explosion of a charge of
powder comes from within the substance; and so
with falling water, or the expansive force of
steam.

Gravity as Power.—Indeed, the very act of the
ball gradually moving toward the earth, by the
force of gravity, is an illustration of a power
within the object itself. Long after Galileo
firmly established the law of falling bodies it be-
gan to dawn on scientists that weight is force.
After Newton established the law of gravitation
the old idea, that power was a property of each
body, passed away.

In its stead we now have the firmly established
view, that power is something which must have
at least two parts, or consist in pairs, or two ele-
ments acting together. Thus, a stone poised on
a cliff, while it exerts no power which can be
utilized, has, nevertheless, what is called potential
energy. When it is pushed from its lodging place
kinetic energy is developed. In both cases,
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gravity, acting in conjunction with the mass of
the stone, produced power.

So in the case of gunpowder. It is the unity of
two or more substances, that causes the expan-
sion called power. The heat of the fuel convert-
ing water into steam, is another illustration of the
unity of two or more elements, which are neces-
sary to produce energy.

Mass AN EremeEnT 1IN Frvine.—The boy who
reads this will smile, as he tells us that the power
which propelled the ball through the air came
from the thrower and not from the ball itself.
Let us examine this claim, which came from a real
boy, and is another illustration how acute his mind
is on subjects of this character.

We have two balls the same diameter, one of
iron weighing a half pound, and the other of cot-
ton weighing a half ounce. The weight of one
is, therefore, sixteen times greater than the other.

Suppose these two balls are thrown with the ex-
penditure of the same power. What will be the
result?. The iron ball will go much farther, or,
if projected against a wall will strike a harder
blow than the cotton ball.

MomeENTUM A Facror—Each had transferred
to it a motion. The initial speed was the same,
and the power set up equal in the two. Why this
difference? The answer is, that it is in the ma-

-



THEORIES AND FACTS 9

terial itself. It was the mass or density which ac-
counted for the difference. It was mass multi-
plied by speed which gave it the power, called, in
this case, momentum.

The iron ball weighing eight ounces, multiplied
by the assumed speed of 50 feet per second, equals
400 units of work. The cotton ball, weighing 14
ounce, with the same initial speed, represents 25
units of work. The term ‘‘unit of work’’ means
a measurement, or a factor which may be used to
measure force.

It will thus be seen that it was not the thrower
which gave the power, but the article itself. A
feather ball thrown under the same conditions,
would produce a half unit of work, and the iron
ball, therefore, produced 800 times more energy.

Resistance.—Now, in the movement of any body
through space, it meets with an enemy at every
step, and that is air resistance. This is much
more effective against the cotton than the iron
ball: or, it might be expressed in another way:
The momentum, or the power, residing in the
metal ball, is so much greater than that within the
cotton ball that it travels farther, or strikes a
more effective blow on impact with the wall.

How REesisTaANCE AFFECTS THE SHAPE.—It is be-
cause of this counterforce, resistance, that shape
becomes important in a flying object. The metal
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ball may be flattened out into a thin disk, and now,
when the same force is applied, to project it for-
wardly, it will go as much farther as the differ-
ence in the air impact against the two forms.

Mass anp ResisTance.—Owing to the fact that
resistance acts with such a retarding force on an
object of small mass, and it is difficult to set up a
rapid motion in an object of great density, light-
ness in flying machine structures has been con-
sidered, in the past, the principal thing neces-
sary.

Tae EarLy TenpEncy To Evmminate Mo-
MENTUM.—Builders of flying machines, for sev-
eral years, sought to eliminate the very thing
which gives energy to a horizontally-movable
body, namely, momentum.

Instead of momentum, something had to be
substituted. This was found in so arranging the
machine that its weight, or a portion of it, would
be sustained in space by the very element which
seeks to retard its flight, namely, the atmosphere.

If there should be no material substance, like
air, then the only way in which a heavier-than-air
machine could ever fly, would be by propelling it
through space, like the ball was thrown, or by
some sort of impulse or reaction mechanism on
the air-ship itself. It could get no support from

the atmosphere.
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Licar MacHiNes UnsTaBLE.—Gradually the
question of weight is solving itself. Aviators are
beginning to realize that momentum is a wonder-
ful property, and a most important element in
flying. The safest machines are those which have
weight. The light, willowy machines are subject
to every caprice of the wind. They are notori-
ously unstable in flight, and are dangerous even
in the hands of experts.

Tae ArpricaTION OF Power.—The thing now to
consider is not form, or shape, or the distribu-
tion of the supporting surfaces, but how to apply
the power so that it will rapidly transfer a ma-
chine at rest to one in motion, and thereby get
the proper support on the atmosphere to hold it
in flight.

Tre SuprPorTiNG SURFACEs.—This brings us to
the consideration of one of the first great prob-
lems: in flying machines, namely, the supporting
surfaces,—not its form, shape or arrangement,
(which will be taken up in their proper places), but
the area, the dimensions, and the angle necessary
for flight.

ARrea ~Nor THE EsseENtian THING.—The history
of flying machines, short as it is, furnishes many
examples of one striking fact: That area has
but little to do with sustaining an aeroplane when
once in flight. The first Wright flyer weighed

Pl
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741 pounds, had about 400 square feet of plane
surface, and was maintained in the air with a 12
horse power engine.

True, that machine was shot into the air by a
catapult. Motion having once been imparted to it,
the only thing necessary for the motor was to
maintain the speed.

There are many instances to show that when
once in flight, one horse power will sustain over
100 pounds, and each square foot of supporting
surface will maintain 90 pounds in flight.

TeE Law oF Graviry.—As the effort to fly
may be considered in the light of a struggle to
avoid the laws of nature with respect to matter,
it may be well to consider this great force as a
fitting prelude to the study of our subject.

Proper understanding, and use of terms is very
decirable, so that we must not confuse them.
Thus, weight and mass are not the same. Weight
varies with the latitude, and it is different at vari-
ous altitudes; but mass is always the same.

If projected through space, a certain mass
would move so as to produce momentum, which
would be equal at all places on the earth’s surface,
or at any altitude.

Gravity has been called weight, and weight
gravity. The real difference is plain if gravity
is considered as the attraction of mass for mass.
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Gravity is generally known and considered as a
force which seeks to draw things to the earth.
This is too narrow.

Gravity acts in all directions. Two balls sus-
pended from strings and hung in close proximity
to each other will mutually attract each other.
If one has double the mass it will have twice the
attractive power. If one is doubled and the other
tripled, the attraction would be increased six
times. But if the distance should be doubled the
attraction would be reduced to one-fourth; and
if the distance should be tripled then the pull
would be only one-ninth.

The foregoing is the substance of the law,
namely, that all bodies attract all other bodies
with a force directly in proportion to their mass,
and inversely as the square of their distance from
one another.

To explain this we cite the following illustra-
tion: Two bodies, each having a mass of 4
pounds, and one inch apart, are attracted toward
each other, so they touch. If one has twice the
mass of the other, the smaller will draw the larger
only one-quarter of an inch, and the large one
will draw the other three-quarters of an inch,
thus confirming the law that two bodies will at-
tract each other in proportion to their mass.

Suppose, now, that these balls are placed two
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inches apart,—that is, twice the distance. As
each is, we shall say, four pounds in weight, the
square of each would be 16. This does not mean
that there would be sixteen times the attraction,
but, as the law says, inversely as the square of
the distance, so that at two inches there is only
one-sixteenth the attraction as at one inch.

If the cord of one of the balls should be cut, it
would fall to the earth, for the reason that the
attractive force of the great mass of the earth is
so much greater than the force of attraction in
its companion ball,

INDESTRUCTIBILITY OF GRAVITATION.—Gravity
cannot be produced or destroyed. It acts between
all parts of bodies equally; the force being pro-
portioned to their mass. It is not affected by
any intervening substance; and is transmitted
instantaneously, whatever the distance may be.

‘While, therefore, it is impossible to divest mat-
ter of this property, there are two conditions
which neutralize its effect. The first of these is
position. Let us take two balls, one solid and
the other hollow, but of the same mass, or density.
If the cavity of the one is large enough to receive
the other, it is obvious that while gravity is still
present the lines of attraction being equal at
all points, and radially, there can be no pull which
moves them together.
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Distance Repucks GravitatioNarn Purn.—Or
the balls may be such distance apart that the at-
tractive force ceases. At the center of the earth
an object would not weigh anything. A pound
of iron and an ounce of wood, one sixteen times
the mass of the other, would be the same,—abso-
lutely without weight.

If the object should be far away in space it
would not be influenced by the earth’s gravity;
so it will be understood that position plays an
important part in the attraction of mass for mass.

How Morion ANTAGONIZES GRAVITY.—The sec-
ond way to neutralize gravity, is by motion. A
ball thrown upwardly, antagonizes the force of
gravity during the period of its ascent. In like
manner, when an object is projected horizontally,
while its mass is still the same, its weight is less.

Motion is that which is constantly combating
the action of gravity. A body moving in a circle
must be acted upon by two forces, one which tends
to draw it inwardly, and the other which seeks to
throw it outwardly.

The former is called centripetal, and the latter
centrifugal motion. Gravity, therefore, repre-
sents centripetal, and motion centrifugal force.

If the rotative speed of the earth should be re-
tarded, all objects on the earth would be increased
in weight, and if the motion should be accelerated
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objects would become lighter, and if sufficient
speed should be attained all matter would fly off
the surface, just as dirt flies off the rim of a
wheel at certain speeds.

A TanGeNT.—When an object is thrown hori-
zontally the line of flight is tangential to the earth,

—>
7 C
g 2
L9 7 Zangentiol T Ught.

or at right angles to the force of gravity. Such
a course in a flying machine finds less resistance
than if it should be projected upwardly, or di-
rectly opposite the centripetal pull.

TaNGENTIAL MoTioN REPRESENTS CENTRIFUGAL
PuLL.—A tangential motion, or a horizontal
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movement, seeks to move matter away from the
center of the earth, and any force which imparts
a horizontal motion to an object exerts a centrifu-
gal pull for that reason.

In Fig. 1, let A represent the surface of the
earth, B the starting point of the flight of an ob-
ject, and C the line of flight. That represents a
tangential line. For the purpose of explaining
the phenomena of tangential flight, we will as-
sume that the missile was projected with a suf-
ficient force to reach the vertical point D, which
is 4000 miles from the starting point B.

In such a case it would now be over 5500 miles
from the center of the earth, and the centrifugal
pull would be decreased to such an extent that the
ball would go on and on until it came within the
sphere of influence from some other celestial
body.

Equavizing THE Two Morions.—But now let us
assume that the line of flight is like that shown
at E, in Fig. 2, where it travels along parallel
with the surface of the earth. In this case the
force of the ball equals the centripetal pull,—or,
to put it differently, the centrifugal equals the
gravitational pull.

The constant tendency of the ball to fly off at
a tangent, and the equally powerful pull of
gravity acting against each other, produce a mo-

-
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tion which is like that of the earth, revolving
around the sun once every three hundred and
sixty-five days.

It is a curious thing that neither Langley, nor
any of the scientists, in treating of the matter of
flight, have taken into consideration this quality

Z

of momentum, in their calculations of the ele-
ments of flight.

All have treated the subject as though the
whole problem rested on the angle at which the
planes were placed. At 45 degrees the lift and
drift are assumed to be equal.
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Lirr axp Drirr.—The terms should be ex-
plained, in view of the frequent allusion which
will be made to the terms hereinafter. Lift
is the word employed to indicate the amount
which a plane surface will support while in flight.
Drift is the term used to indicate the resistance
which is offered to a plane moving forwardly
against the atmosphere,

L7298 Lift and rift:

In Fig. 3 the plane A is assumed %o be moving
forwardly in the direction of the arrow B. This
indicates the resistance. The vertical arrow C
shows the direction of lift, which is the weight
held up by the plane.

Normar Pressure.—Now there is another term
much used which needs explanation, and that is
normal pressure. A pressure of this kind
against a plane is where the wind strikes it at
right angles. This is illustrated in Fig. 4, in
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which the plane is shown with the wind striking
- it squarely.

It is obvious that the wind will exert a greater
force against a plane when at its normal. On the

sy

—_—

QDirection of Winad. .
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—
Fog 4% Nomal Air Pressure:

other hand, the least pressure against a plane is
when it is in a horizontal position, because then
the wind has no force "against the surfaces, and
the only effect on the drift is that which takes
place when the wind strikes its forward edge.

L7ty 6. Zdge Beststance,

Heap Resistance.—Fig. 5 shows such a plane,
the only resistance being the thickness of the
plane as at A. This is called head resistance,
and on this subject there has been much con-
troversy, and many theories, which will be con-
sidered under the proper headings.
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If a plane is placed at an angle of 45 degrees
the lift and the drift are the same, assumedly, be-
cause, if we were to measure the power required
to drive it forwardly, it would be found to equal
the weight necessary to lift it. That is, suppose
we should hold a plane at that angle with a heavy
wind blowing against it, and attach two pairs of
scales to the plane, both would show the same
pull.

€« .
10 2egrees < Line

L% 6. Measuring Ziff end Zrirt:

Measvring Lirr aNp Drrrr.—In Fig. 6, A is the
plane, B the horizontal line which attaches the
plane to a scale C, and D the line attaching it to
the scale E. When the wind is of sufficient force
to hold up the plane, the scales will show the same
pull, neglecting, of course, the weight of the
plane itself.

Pressure ar DrrereNT ANGLEs.—What every
one wants to know, and a subject on which &'
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great deal of experiment and time have been ex-
pended, is to determine what the pressures are at
the different angles between the horizontal, and
laws have been formulated which enable the pres-
sures to be calculated. .
DirrErENCE BETwEEN Lirr anp DrrFr in Mo-
TIoN.—The first observation is directed to the dif-
ferences that exist between the lift and drift,
when the plane is placed at an angle of less than
45 degrees. A machine weighing 1000 pounds
has always the same lift. Its mass does not
change. Remember, now, we allude to its mass,

. or density.

We are not now referring to weight, because
that must be taken into consideration, in the
problem. As heretofore stated, when an object
moves horizontally, it has less weight than when
at rest. If it had the same weight it would not
move forwardly, but come to resk

When in motion, therefore, while the lift, so
far as its mass is concerned, does not change, the
drift does decrease, or the forward pull is less
than when at 45 degrees, and the decrease is less
and less until the plane assumes a horizontal posi-
tion, where it is absolutely nil, if we do not con-
sider head resistance.

TasLes oF Lirr axp Drirr.—All tables of Lift
and Drift consider only the air pressures. They
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do not take into account the fact that momentum
takes an important part in the translation of an
object, like a flying machine.

A mass of material, weighing 1000 pounds while
at rest, sets up an enormous energy when moving
through the air at fifty, seventy-five, or one hun-
dred miles an hour. At the latter speed the move-
ment is about 160 feet per second, a motion which
is nearly sufficient to maintain it in horizontal
flight, independently of any plane surface.

Such being the case, why take into account only
the angle of the plane? It is no wonder that
aviators have not been able to make the theoreti-
cal considerations and the practical demonstra-
tions agree.

Wxay TaBrEs oF Lirt AND DriPT ARE WERONG.—
A little reflection will show why such tables are
wrong. They were prepared by using a plane
surface at rest, and forcing a blast of air against
the plane placed at different angles; and for de-
termining air pressures, this is, no doubt, cor-
rect. But it does not represent actual flying con-
ditions. It does not show the conditions existing
in an aeroplane while in flight.

To determine this, short of actual experiments
with a machine in horizontal translation, is im-
possible, unless it is done by taking into account
the factor due to momentum and the element at-
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tributable to the lift of the plane itself due to its
impact against the atmosphere.

LangrLEYy’s Law.—The law enunciated by
Langley is, that the greater the speed the less the
power required to propel it. Water as a pro-
pelling medium has over seven hundred times
more force than air. A vessel having, for in-
stance, twenty horse power, and a speed of ten
miles per hour, would require four times that
power to drive it through the water at double the
speed. The power is as the square of the speed.

With air the conditions are entirely different.
The boat submergence in the water is practically
the same, whether going ten or twenty miles an
hour. The head resistance is the same, substan-
tially, at all times in the case of the boat; with the
flying machine the resistance of its sustaining
surfaces decreases.

Without going into a too technical description
of the reasoning which led to the discovery of the
law of air pressures, let us try and understand
it by examining the diagram, Fig. 7.

A represents a plane at an angle of 45 degrees,
moving forwardly into the atmosphere in the
direction of the arrows B. The measurement
across the plane vertically, along the line B,
which is called the sine of the angle, represents
the surface impact of air against the plane.
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* In Fig. 8 the plane is at an angle of 27 degrees,
which makes the distance in height across the line
C just one-half the length of the line B of Fig. 7,

2z
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Fig. 7. Bgueal Lift and Qrift in EZIGht:

hence the surface impact of the air is one-half that

of Fig. 7, and the drift is correspondingly de-
creased.

>
>
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Moving Pranes vs. Winps.—In this way Bois-
set, Duchemin, Langley, and others, determined
the comparative drift, and those results have been
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largely relied upon by aviators, and assumed to
be correct when applied to flying machimes.

That they are not correct has been proven by
the Wrights and others, the only explanation be-
ing that some errors had been made in the calcula-
tions, or that aviators were liable to commit er-
rors in observing the true angle of the planes
while in flight.

MomeNTUM Not Consmerep.—The great factor
of momentum has been entirely ignored, and it is
our desire to press the important point on those
who begin to study the question of flying ma-
chines.

Tae FureET oF Bmps.—Volumes have been
written concerning observations on the flight of
birds. The marvel has been why do soaring birds
maintain themselves in space without flapping
their wings. In fact, it is a much more remark-
able thing to contemplate why birds which depend
on flapping wings can fly.

Tae Downwarp Bear.—It is argued that the
downward beat of the wings is so much more
rapid than the upward motion, that it gets an ac-
tion on the air so as to force the body upwardly.
This is disposed of by the wing motion of many
birds, notoriously the crow, whose lazily-flapping
wings can be readily followed by the eye, and the
difference in movement, if any, is not perceptible.

-
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TrE Concavep Wine.—It is also urged that the
concave on the under side of the wing gives the
quality of lift. Certain kinds of beetles, and par-
ticularly the common house fly, disprove that the-
ory, as their wings are perfectly flat.

Fearaer StrRUCTURE CoNsiDERED.—Then the
feather argument is advanced, which seeks to
show that as each wing is made up of a plurality
of feathers, overlapping each other, they form a
sort of a valved surface, opening so as to permit
air to pass through them during the period of
their upward movement, and closing up as the
wing descends.

It is difficult to perform this experiment with
wings, so as to show such an individual feather
movement. It is certain that there is nothing in
the structure of the wing bone and the feather
connection which points to any individual feather
movement, and our observation is, that each
feather is emtirely too rigid to permit of such an
opening up between them.

It is obvious that the wing is built up in that
way for an entirely different reason. Soaring
birds, which do not depend on the flapping mo-
tion, have the same overlapping feather forma-
tion.

WesBep Wines.—Furthermore, there are nu-
merous flying creatures which do not have feath-
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ered wings, but web-like structures, or like the
house fly, in one continuous and unbroken
plane.

That birds which fly with flapping wings derive
their support from the air, is undoubtedly true,
and that the lift produced is due, not to the form,
or shape, or area of the wing, is also beyond ques-
tion. The records show that every conceivable
type of outlined structure is used by nature; the
material and texture of the wings themselves dif-
fer to such a degree that there is absolutely no
similarity; some have concaved under surfaces,
and others have not; some fly with rapidly beat-
ing wings, and others with slow and measured
movements; many of them fly with equal facility
without flapping movements; and the proportions
of weight to wing surface vary to such an extent
that it is utterly impossible to use such data as a
guide in calculating what the proper surface
should be for a correct flying machine.

TaE ANGLE oF MoveEMENT.—How, then, it may
be asked, do they get their support? There must
be something, in all this variety and diversity of
form, of motion, and of characteristics, which
supplies the true answer. The answer lies in the
angle of movement of every wing motion, which
is at the control of the bird, and if this is exam-
ined it will be found that it supplies the correct
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answer to every type of wing which nature has
made.

AN INmTian IMPULSE OR MOVEMENT NECESSARY.—
Let A, Fig. 9, represent the section of a bird’s
wing. All birds, whether of the soaring or the
‘flapping kind, must have an initial forward move-
ment in order to attain flight. This impulse is
acquired either by running along the ground, or
by a leap, or in dropping from a perch. Soaring
birds cannot, by any possibility, begin flight, un-

Ve

less there is such a movement to change from a
position of rest to one of motion.

In the diagram, therefore, the bird, in moving
forwardly, while raising the wing upwardly, de-
presses the rear edge of the wing, as in position
1, and when the wing beats downwardly the rear
margin is raised, in relation to its front margin,
as shown in position 2.

A Wepeineg MorioN.—Thus the bird, by a
wedge-like motion, gives a forwardly-propelling
action, and as the rear margin has more or less
flexure, its action against the air is less during its
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upward beat, and this also adds to the upward lift
of the body of the bird.

No MysTtery IN THE WAVE MotioNn.—There is
no mystery in the effect of such a wave-like mo-
tion, and it must be obvious that the humming
bird, and like flyers, which poise at one spot, are

-
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Fiq 70 Evotutiar of Zumming Airdi @iz,
able to do so because, instead of moving for-
wardly, or changing the position of its body hori-
zontally, in performing the undulatory motion of
the wing, it causes the body to rock, so that at the
point where the wing joins the body, an elliptical
motion is produced.

T
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How Birps Poise wite Frarrine Winags.—This
is shown in Fig. 10, in which eight successive po-
sitions of the wing are shown, and wherein four
of the position, namely, 1, 2, 3, and 4, represent
the downward movement, and 6, 7, 8, and 9, the
upward beat.

All the wing angles are such that whether the
suspension point of each wing is moving down-
wardly, or upwardly, a support is found in some
part of the wing.

Narrow-wiNngep Brrps.—Birds with rapid flap-
ping motions have comparatively narrow wings,
fore and aft. Those which flap slowly, and are
not swift flyers, have correspondingly broader
wings. The broad wing is also typical of the
soaring birds.

But how do the latter overcome gravitation
without exercising some sort of wing movement?

InrriaL MovemeNT oF SoariNG Birbs.—Acute
observations show that during the early stages
of flight, before speed is acquired, they depend
on the undulating movement of the wings, and
some of them acquire the initial motion by flap-
ping. When speed is finally attained it is diffi-
cult for the eye to note the motion of the wings.

Soaring Bieps Move SwirrLy.—Now, the first
observation is, that soaring birds are swiftly-
moving creatures. As they sail overhead ma-

o~
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jestically they seem to be moving slowly. But
distance is deceptive. The soaring bird travels
at great speeds, and this in itself should be suffi-
cient to enable us to cease wondering, when it is
remembered that swift translation decreases
weight, so that this factor does not, under those
conditions, operate against flight.

Muscurar Exerey ExerTED BY SoariNG BIrps.
—1It is not conceivable that the mere will of the
bird would impel it forwardly, without it exerted
some muscular energy to keep up its speed. The
distance at which the bird performs this wonder-
ful evolution is at such heights from the observer
that the eye cannot detect a movement.

Winegs Nor MorroNnLess.—While the wings ap-
pear to be absolutely motionless, it is more rea-
sonable to assume that a slight sinuous movement,
or a rocking motion is constantly kept up, which
wedges forwardly with sufficient speed to compel
momentum to maintain it in flight. To do so re-
quires but a small amount of energy. The head
resistance of the bird formation is reduced to a
minimum, and at such high speeds the angle of
incidence of the wings is very small, requiring but
little aid to maintain it in horizontal flight.



CHAPTER II

PRINCIPLES OF AEROPLANE FLIGHT

From the foregoing chapter, while it may be
rightly inferred that power is the true secret of
aeroplane flight, it is desirable to point out certain
other things which must be considered.

SpEEp As ONE oF THE ELEMENTS.—Every boy,
probably, has at some time or other thrown small
flat stones, called ‘‘skippers.’”” He has noticed
that if they are particularly thin, and large in
diameter, that there is a peculiar sailing motion,
and that they move through the air in an undu-
lating or wave-like path.

Two things contribute to this motion; one is the
size of the skipper, relative to its weight, and the
other is its speed. If the speed is slow it will
quickly wend its way to the earth in a gradual
curve. This curved line is called its trajectory.
If it is not very large diametrically, in proportion
to its weight, it will also make a gradual curve in
descending, without ‘‘skimming’’ up and down
in its flight.

SHAPE AND SPEED.—It has been observed, also,

33
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that a round ball, or an object not flattened out,
will make a regular curved path, whatever the
speed may be.

It may be assumed, therefore, that the shape
alone does not account for this sinuous motion;
but that speed is the element which accounts for
it. Such being the case it may be well to inquire
into the peculiar action which causes a skipper
to dart up and down, and why the path thus
formed grows more and more accentuated as the
speed increases.

As will be more fully described in a later chap-
ter, the impact of air against a moving body does
not increase in proportion to its speed, but in the
ratio of the square of the speed.

‘WaAT SQUARE OF THE SPEED MEANS.—In math-
ematics a figure is squared when it is multiplied
by itself. Thus, 4 X 4=16;5 X 5=25; and so
on, so that 16 is the square of 4, and 25 the square
of 5. It has been found that a wind moving at the
speed of 20 miles an hour has a striking or pushing
force of 2 pounds on every square foot of surface.

If the wind travels twice as fast, or 40 miles
an hour, the pushing force is not 4 pounds, but
8 pounds. If the speed is 60 miles an hour the
pushing force increases to 18 pounds.

AcrtioN or A SkrpPER—When the skipper leaves
the hands of the thrower it goes through the air
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in such a way that its flat surface is absolutely
on a line with the direction in which it is pro-
jected.

At first it moves through the air solely by force
of the power which impels it, and does not in any
way depend on the air to hold it up. See Fig.
1, in which A represents the line of projection,
and B the disk in its flight.

—
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After it has traveled a certain distance, and
the force decreases, it begins to descend, thus de-
seribing the line C, F'ig. 1, the disk B, in this case
descending, without changing its position, which
might be described by saying that it merely set-
tles down to the earth without changing its plane,

>
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The skipper still remains horizontal, so that as
it moves toward the earth its flat surface, which
is now exposed to the action of the air, meets
with a resistance, and this changes the angle of
the disk, so that it will not be horizontal. In-
stead it assumes the position as indicated at D,
and this impinging effect against the air causes
the skipper to move upwardly along the line E,
and having reached a certain limit, as at, say E,
it automatically again changes its angle and moves
downwardly along the path F, and thus continues
to undulate, more or less, dependent on the com-
bined action of the power and weight, or momen-
tum, until it reaches the earth.

It is, therefore, clear that the atmosphere has
an action on a plane surface, and that the extent
of the action, to sustain it in flight, depends on two
things, surface and speed.

Furthermore, the greater the speed the less the
necessity for surface, and that for gliding pur-
poses speed may be sacrificed, in a large measure,
where there is a large surface.

This very action of the skipper is utilized by
the aviator in volplaning,—that is, where the
power of the engine is cut off, either by accident,
or designedly, and the machine descends to the
earth, whether in a long straight glide, or in a
great circle.
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As the machine nears the earth it is caused to
change the angle of flight by the control mechanism
so that it will dart upwardly at an angle, or down-
wardly, and thus enable the pilot to sail to an-
other point beyond where he may safely land.
This changing the course of the machine so that
it will glide nupwardly, means that the incidence
of the planes has been changed to a positive
angle.

ANGLE oF INcIDENCE.—In aviation this is a term
given to the position of a plane, relative to the
air against which it impinges. If, for instance,
an aeroplane is moving through the air with the
front margin of the planes higher than their rear
margins, it is said to have the planes at a positive
angle of incidence. If the rear margins are
higher than the front, then the planes have a neg-
ative angle of incidence.

The word incidence really means, a falling
upon, or against; and it will be seen, therefore,
that the angle of incidence means the tilt of the
planes in relation to the air which strikes it.

Having in view, therefore, that the two quali-
ties, namely, speed and surface, bear an intimate
relation with each other, it may be understood
wherein mechanical flight is supposed to be analo-
gous to bird flight.

SPEED AND SURFACE.—Birds which poise in the

Pl
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air, like the humming bird, do so because they
beat their wings with great rapidity. Those
which soar, as stated, can do so only by moving
through the atmosphere rapidly, or by having a
large wing spread relative to the weight. It will
thus be seen that speed and surface become the
controlling factors in flight, and that while the
latter may be entirely eliminated from the prob-
lem, speed is absolutely necessary under any and
all conditions.

By speed in this connection is not meant high
velocity, but that a movement, produced by power
expressed in some form, is the sole and most nec-
essary requisite to movement through the air with
all heavier-than-air machines.

If sufficient power can be applied to an aero-
plane, surface is of no consequence; shape need
not be considered, and any sort of contrivance
will move through the air horizontally.

ConTroL oF THE DirEcTION OF FLIGHT.—But the
control of such a body, when propelled through
space by force alone, is a different matter. To
change the machine from a straight path to a
curved one, means that it must be acted upon by
some external force.

We have explained that power is something
which is inherent in the thing itself. Now, in or-
der that there may be a change imparted to a

S~
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moving mass, advantage must be taken of the me-
dium through which it moves,—the atmosphere.

VerTicaL ConNTeoL Pranes.—If vertically-ar-
ranged planes are provided, either fore or aft of
the machine, or at both ends, the angles of inci-
dence may be such as to cause the machine to
turn from its straight course.

In practice, therefore, since it is difficult to sup-
ply sufficient power to a machine to keep it in mo-
tion horizontally, at all times, aeroplanes are pro-
vided with supporting surfaces, and this aid in
holding it up grows less and less as its speed in-
creases.

But, however strong the power, or great the
speed, its control from side to side is mnot de-
pendent on the power of the engine, or the speed
at which it travels through the air.

Here the size of the vertical planes, and their
angles, are the only factors to be considered, and
these questions will be considered in their proper
places.



CHAPTER III

THE FORM OR SHAPE OF FLYING MACHINES

Every investigator, experimenter, and scientist,
who has given the subject of flight study, pro-
ceeds on the theory that in order to fly man must
copy nature, and make the machine similar to the
type so provided.

Tae Taeory oF CorviNg NaTURE.—If such is the
case then it is pertinent to inquire which bird is
the proper example to use for mechanical flight.
‘We have shown that they differ so radically in
every essential, that what would be correct in one
thing would be entirely wrong in another.

The bi-plane is certainly not a true copy. The
only thing in the Wright machine which in any
way resembles the bird’s wing, is the rounded end
of the planes, and judging from other machines,
which have square ends, this slight similarity does
not contribute to its stability or otherwise help
the structure.

The monoplane, which is much nearer the bird
type, has also sounded wing ends, made not so

N
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much for the purpose of imitating the wing of the
bird, as for structural reasons.

Huris oF VEsseLs.—If some marine architect
should come forward and assert that he intended
to follow nature by making a boat with a hull of
the shape or outline of a duck, or other swimming
fowl, he would be laughed at, and justly so, be-
cause the lines of vessels which are most efficient
are not made like those of a duck or other swim-
ming creatures.

Max~ Does Nor Copy Nature.—Look about you,
and see how many mechanical devices follow the
forms laid down by nature, or in what respect
man uses the types which nature provides in de-
vising the many inventions which ingenuity has
brought forth.

PrincieLEs Essentian, Nor Forms.—It is essen-
tial that man shall follow nature’s laws. He can-
not evade the principles on which the operations
of mechanism depend; but in doing so he has, in
nearly every instance, departed from the form
which nature has suggested, and made the ma-
chine irrespective of nature’s type.

Let us consider some of these striking differ-
ences to illustrate this fact. Originally pins were
stuck upon a paper web by hand, and placed in
rows, equidistant from each other. This necessi-
tates the cooperative function of the fingers and



42 . AEROPLANES FOR BOYS

the eye. An expert pin sticker could thus assem-
ble from four to five thousand pins a day.

The first mechanical pinsticker placed over
500,000 pins a day on the web, rejecting every bent
or headless pin, and did the work with greater
accuracy than it was possible to do it by hand.
There was not the suggestion of an eye, or a finger
in the entire machine, to show that nature fur-
nished the type.

Narure Nor THE GumE As To Forms.—Nature
does not furnish a wheel in any of its mechan-
'ical expressions. If man followed nature’s form
in the building of the locomotive, it would move
along on four legs like an elephant. Curiously
enough, one of the first road wagons had ‘‘push
legs,”’—an instance where the mechanic tried to
copy nature,—and failed.

TraE ProreLLER TyrPE.—The well known propel-
ler is a type of wheel which has no prototype in
nature. It is maintained that the tail of a fish
in its movement suggested the propeller, but the
latter is a long departure from it.

The Venetian rower, who stands at the stern,
and with a long-bladed oar, fulerumed to the
boat’s extremity, in making his graceful lateral
oscillations, simulates the propelling motion of
the tail in an absolutely perfect manner, but it is
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not a propeller, by any means comparable to the
kind mounted on a shaft, and revoluble.

How much more efficient are the spirally-formed
blades of the propeller than any wing or fin move-
ment, in air or sea. There is no comparison be-
tween the two forms in utility or value.

Again, the connecting points of the arms and
legs with the trunk of a human body afford the
most perfect types of universal joints which na-
ture has produced. The man-made universal
joint has a wider range of movement, possesses
greater strength, and is more perfect mechan-
ically. A universal joint is a piece of mechanism
between two elements, which enables them to be
turned, or moved, at any angle relative to each
other.

But why multiply these instances. Like sam-
ples will be found on every hand, and in all direc-
tions, and man, the greatest of all of nature’s
products, while imperfect in himself, is improving
and adapting the things he sees about him.

Way SpeciaLLy-DesieNep Forms ImMprovE Nar-
URAL StrRUCTURES.—The reason for this is, pri-
marily, that the inventor must design the article
for its special work, and in doing so makes it bet-
ter adapted to do that particular thing. The
hands and fingers can do a multiplicity of things,
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but it cannot do any particular work with the fa-
cility or the degree of perfection that is possible
with the machine made for that purpose.

The hands and fingers will bind a sheaf of
wheat, but it cannot compete with the special ma-
chine made for that purpose. On the other hand
the binder has no capacity to do anything else than
what it was specially made for.

In applying the same sort of reasoning to the
building of flying machines we must be led to the
conclusion that the inventor can, and will, eventu-
ally, bring out a form which Js as far superior to
the form which nature has taught us to use as
tne wonderful machines we see all about us are
snperior to carry out the special work they were
designed to do.

On land, man ha# shown this superiority over
matter, and so on the sea. Singularly, the sub-
marines, which go beneath the sea, are very far
from that perfected state which have been at-
tained by vessels sailing on the surface; and while
the means of transportation on land are arriving
at points where the developments are swift and
remarkable, the space above the earth has not yet
been conquered, but is going through that same
period of development which precedes the produc-
tion of the true form itself.

MEecraN1sM DEvorp oF INTELLIGENCE.—The great
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error, however, in seeking to copy nature’s form
in a flying machine is, that we cannot invest the
mechanism with that which the bird has, namely,
a guiding intelligence to direct it instinctively, as
the flying creature does.

A MacHINE MusT HaAVE A SUBSTITUTE FOR IN-
TELLIGENCE.—Such being the case it must be en-
dowed with something which is a substitute. A
bird is a supple, pliant organism; a machine is a
rigid structure. One is capable of being directed
by a mind which is a part of the thing itself; while
the other must depend on an intelligence which is
separate from it, and not responsive in feeling or
movement.

For the foregoing reasons success can never
be attained until some structural form is devised
which will consider the flying machine independ-
ently of the prototypes pointed out as the correct
things to follow. It does not, necessarily, have to
be unlike the bird form, but we do know that the
present structures have been made and insisted
upon blindly, because of this wrong insistence on
forms.

Stupy or Bmp Fricar UseLess.—The study of
the flight of birds has never been of any special
value to the art. Volumes have been written on
the subject. The Seventh Duke of Argyle, and
later, Pettigrew, an Englishman, contributed a
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vast amount of written matter on the subject of
bird flight, in which it was sought to show that
soaring birds did not exert any power in flying.

Writers and experimenters do not agree on the
question of the propulsive power, or on the form
or shape of the wing which is most effective, or
in the matter of the relation of surface to weight,
nor do they agree in any particular as to the effect
and action of matter in the soaring principle.

Only a small percentage of flying creatures use
motionless wings as in soaring. By far, the
greater majority use beating wings, a method of
translation in air which has not met with success
in any attempts on the part of the inventor.

Nevertheless, experimenting has proceeded on
lines which seek to recognize nature’s form only,
while avoiding the best known and most persistent
type.

SHAPE OF SUPPORTING SURFACES.—When we ex-
amine the prevailing type of supporting surfaces
we cannot fail to be impressed with one feature,
namely, the determination to insist on a broad
spread of plane surface, in imitation of the bird
with outstretched wings.

Tue TrouBLE ARISING FROM QUTSTRETCHED
‘Winags.—This form of construction is what brings
all the troubles in its train. The literature on

aviation is full of arguments on this subject, all
-
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declaring that a wide spread is essential, because,
—birds fly that way.

These assertions are made notwithstanding the
fact that only a few years ago, in the great exhibit
of aeraplanes in Paris, many unique forms of ma-
chines were shown, all of them capable of flying,
as proven by numerous experiments, and among
them were a half dozen types whose length fore
and aft were much greater than transversely, and
it was particularly noted that they had most won-
derful stability.

DensiTY oF THE ATMOSPHERE.—EXperts declare
that the density of the atmosphere varies through-
out,—that it has spots here and there which are,
apparently, like holes, so that one side or the
other of the machine will, unaccountably, tilt, and
sometimes the entire machine will suddenly drop
for many feet, while in flight.

Evasticity oF THE A1r.—Air is the most elastic
substance known. The particles constituting it
are constantly in motion. When heat or cold pen-
etrate the mass it does s0, in a general way, so as
to permeate the entire body, but the conductivity
of the atmospheric gases is such that the heat
does not reach all parts at the same time.

A Hovres.—The result is that varying strata
of heat and cold seem to be superposed, and also
distributed along the route taken by a machine,

.n"
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causing air currents which vary in direction and
intensity., When, therefore, a rapidly-moving
machine passes through an atmosphere so dis-
turbed, the surfaces of the planes strike a mass of
air moving, we may say, first toward the plane,
and the next instant the current is reversed, and
the machine drops, because its support is tempo-
rarily gone, and the aviator experiences the sen-
sation of going into a ‘‘hole.”’

ResponsiBILITY FOR AccipENTs.—These so-called
‘“‘holes’” are responsible for many accidents. The
outstretched wings, many of them over forty feet
from tip to tip, offer opportunities for a tilt at one
end or the other, which has sent so many machines
to destruction.

The high center of gravity in all machines makes
the weight useless to counterbalance the rising
end or to hold up the depressed wing.

All aviators agree that these unequal areas of
density extend over small spaces, and it is, there-
fore, obvious that a machine which is of such a
structure that it moves through the air broadside
on, will be more liable to meet these inequalities
than one which is narrow and does not take in such
a wide path.

‘Why, therefore, persist in making a form which,
by its very nature, invites danger? Because birds
fly that way!
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Tae TurNine MoveMeNT.—This structural ar-
rangement accentuates the difficulty when the ma-
chine turns. The air pressure against the wing
surface is dependent on the speed. The broad out-
stretched surfaces compel the wing. at the outer
side of the circle to travel faster than the inner
one. As a result, the outer end of the aeroplane
is elevated.

CeEnTRIFUGAL AcTION.—At the same time the
running gear, and the frame which carries it and
supports the machine while at rest, being below
the planes, a centrifugal force is exerted, when
turning a circle, which tends to swing the wheels
and frame outwardly, and thereby still further
elevating the outer end of the plane.

TaE WarpiNg Pranes.—The only remedy to
meet this condition is expressed in the mechanism
which wraps or twists the outer ends of the planes,
as constructed in the Wright machine, or the
ailerons, or small wings at the rear margins of the
planes, as illustrated by the Farman machine.
The object of this arrangement is to decrease the
angle of incidence at the rising end, and increase
the angle at the depressed end, and thus, by man-
ually-operated means keep the machine on an even
keel.



CHAPTER IV

FORE AND AFT CONTROL

Taere is no phase of the art of flying more im-
portant than the fore and aft control of an airship.
Lateral stability is secondary to this feature, for
reasons which will appear as we develope the
subjeot.

Tur Birp Tyre oF Fore aND Arr CoNTROL.—
Every aeroplane follows the type set by nature
in the particular that the body is caused to os-
cillate on a vertical fore and aft plane while in
flight. The bird has one important advantage,
however, in structure. Its wing has a flexure at
the joint, so that its body can so oscillate inde-
pendently of the angle of the wings.

The aeroplane has the wing firmly fixed to the
body, hence the only way in which it is possible
to effect a change in the angle of the wing is by
changing the angle of the body. To be consistent
the aeroplane should be so -constructed that the
angle of the supporting surfaces should be mov-
able, and not controllable by the body.

The bird, in initiating flight from a perch, darts

50
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downwardly, and changes the angle of the body to
correspond with the direction of the flying start.
When it alights the body is thrown so that its
' breast banks against the air, but in ordinary flight
its- wings only are used to change the angle of
flight.

AxaLE aND DirectioN oF FricaT.—In order to
become familiar with terms which will be fre-
quently used throughout the book, care should be
taken to distinguish between the terms angle and
direction of flight. The former has reference to
the up and down movement of an aeroplane,
whereas the latter is used to designate a turning
movement to the right or to the left.

WaY SHOULD THE ANGLE OF THE Bopy CHANGE?
—The first question that presents itself is, why
should the angle of the aeroplane body change?
Why should it be made to dart up and down and
produce a sinuous motion? Why should its nose
tilt toward the earth, when it is descending, and
raise the forward part of the structure while as-
cending?

The ready answer on the part of the bird-form
advocate is, that nature has so designed a flying
structure. The argument is not consistent, be-
cause in this respect, as in every other, it is not
made to conform to the structure which they seek
to copy.
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CranaiNe ANGLE oF Bopy Nor Sare.—Further-
more, there is not a single argument which can be
advanced in behalf of that method of building,
which proves it to be correct. Contrariwise, an
analysis of the flying movement will show that it is
the one feature which has militated against safety,
and that machines will never be safe so long as
the angle of the body must be depended upon to
control the angle of flying.

2 A
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In Fig. 11a three positions of a monoplane are
shown, each in horizontal flight. Let us say that
the first figure A is going at 40 miles per hour,
the second, B, at 50, and the third, C, at 60 miles.
The- body in A is nearly horizontal, the angle of
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the plane D being such that, with the tail E also
horizontal, an even flight is maintained.

‘When the speed increases to.50 miles an hour,
the angle of incidence in the plane D must be de-
creased, so that the rear end of the frame must
be raised, which is done by giving the tail an angle
of incidence, otherwise, as the upper side of the
tail should meet the air it would drive the rear
end of the frame down, and thus defeat the at-
tempt to elevate that part.

F%g. 78. Andles of Zhight:

As the speed increases ten miles more, the tail
is swung down still further and the rear end of
the frame is now actually above the plane of flight.
In order, now, to change the angle of flight, with-
out altering the speed of the machine, the tail is
used to effect the control.

Examine the first diagram in Fig. 12. This
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shows the tail E still further depressed, and the
air striking its lower side, causes an upward move-
ment of the frame at that end, which so much de-
creases the angle of incidence that the aeroplane
darts downwardly.

In order to ascend, the tail, as shown in the sec-
ond diagram, is elevated so as to depress the rear
end, and now the sustaining surface shoots up-
wardly.

Suppose that in either of the positions 1 or 2,
thus described, the aviator should lose control of
the mechanism, or it should become deranged or
“‘stick,’’ conditions which have existed in the his-
tory of the art, what is there to prevent an acci-
dent?

In the first case, if there is room, the machine
will loop the loop, and in the second case the ma-
chine will move upwardly until it is vertical, and
then, in all probability, as its propelling power is
not sufficient to hold it in that position, like a
helicopter, and having absolutely no wing sup-
porting surface when in that position, it will dart
down tail foremost.

A Nox-CranciNng Bopy.—We may contrast the
foregoing instances of flight with a machine hav-
ing the sustaining planes hinged to the body in
such a manner as to make the disposition of its
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angles synchronous with the tail. In other words,
see how a machine acts that has the angle of flight
controllable by both planes,—that is, the sustain-
ing planes, as well as the tail.
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In Fig. 13 let the body of the aeroplane be hori-
zontal, and the sustaining planes B disposed at
the same angle, which we will assume to be 15
degrees, this being the imaginary angle for illus-
trative purposes, with the power of the machine
to drive it along horizontally, as shown in posi-
tion 1. ,
In position 2 the angles of both planes are now
at 10 degrees, and the speed 60 miles an hour,
which still drives the machine forward hori-
zontally.
In position 3 the angle is still less, being now
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only 5 degrees but the speed is increased to 80
miles per hour, but in each instance the body of
the machine is horizontal.

Now it is obvious that in order to ascend, in
either case, the changing of the planes to a greater
angle would raise the machine, but at the same
timé keep the body on an even keel.
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DEescenping Posrrions By Power CoNTROL.—In
Fig. 14 the planes are the same angles in the three
positions respectively, as in Fig. 13, but now the
power has been reduced, and the speeds are 30,
25, and 20 miles per hour, in positions A, B and C.

Suppose that in either position the power should
cease, and the control broken, so that it would be



FORE AND AFT CONTROL 57

impossible to move the planes. 'When the machine
begins to lose its momentum it will descend on a
curve shown, for instance, in Fig. 15, where posi-
tion 1 of Fig. 14 is taken as the speed and angles
of the plane when the power ceased.

<——— Zower action \é-\
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Currine Orr THE Power.—This curve, A, may
reach that point where momentum has ceased as
a forwardly-propelling factor, and the machine
now begins to travel rearwardly. (Fig. 16.) It
has still the entire supporting surfaces of the
planes. It cannot loop-the-loop, as in the instance
where the planes are fixed immovably to the body.

Carefully study the foregoing arrangement, and
it will be seen that it is more nearly in accord with
the true flying principle as given by nature than
the vaunted theories and practices now indulged
in and so persistently adhered to.
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The body of a flying machine should not be oscil-
lated like a lever. The support of the aeroplane
should never be taken from it. While it may be
impossible to prevent a machine from coming
down, it can be prevented from overturning, and
this can be done without in the least detracting
from it structurally.

L779. 16 Reyeréing Znotion.

The plan suggested has one great fault, how-
ever. It will be impossible with such a structure
\ to cause it to fly upside down. It does not present
any means whereby dare-devil stunts can be per-
formed to edify the grandstand. In this respect
it is not in the same class with the present types.
TeE STARTING MOVEMENT.—Examine this plan
from the position of starting, and see the ad-
vantages it possesses. In these illustrations we
have used, for convenience only, the monoplane
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type, and it is obvious that the same remarks ap--
ply to the bi-plane.

Fig. 17 shows the starting position of the stock
monoplane, in position 1, while it is being initially
run over the ground, preparatory to launching.
Position 2 represents the negative angle at which

The $tart

I g 17 Showing chansing ansie of Body:
the tail is thrown, which movement depresses the
rear end of the frame and thus gives the support-
ing planes the proper angle to raise the machine,
through a positive angle of incidence, of the plane.

. Tae SuceesTEp TyrE—In Fig. 18 the suggested
type is shown with the body normally in a hori-
zontal position, and the planes in a neutral posi-
tion, as represented in position 1. When suffi-

cient speed had been attained both planes are
turned to the same angle, as in position 2, and
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flight is initiated without the abnormal oscillating
motion of the body.

But now let us see what takes place the moment
the present type is launched. If, by any error on
the part of the aviator, he should fail to readjust
the tail to a neutral or to a proper angle of inci-
dence, after leaving the ground, the machine would
try to perform an over-head loop.

-~ -
R

Figl8. Showns nor-chanding anile of Erume

The suggested plan does not require this cau-
tion. The machine may rise too rapidly, or its
planes may be at too great an angle for the power
or the speed, or the planes may be at too small an
angle, but in either case, neglect would not turw
the machine to a dangerous position.

These suggestions are offered to the novice, be-
cause they go to the very foundation of a correct
understanding of the principles involved in the
hqj..sng and in the manipulation of flying ma-

\
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chines, and while they are counter to the beliefs of
aviators, as is shown by the persistency in adher-
ing to the old methods, are believed to be mechan-
ically correct, and worthy of consideration.

TaE Low CExTER oF GrAVITY.—But we have still
to examine another feature which shows the wrong
principle in the fixed planes. The question is
often asked, why do the builders of aeroplanes
place most of the weight up close to the planes?
It must be obvious to the novice that the lower
the weight the less liability of overturning.

.4 2 Zine szt‘%z‘alé
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Fore anp Arr Oscrrarions.—The answer is,
that when the weight is placed below the planes it
acts like a pendulum. When the machine is trav-
eling forward, and the propeller ceases its motion,
as it usually does instantaneously, the weight, be-
ing below, and having a certain momentum, con-
tinues to move on, and the plane surface meeting
the resistance just the same, and having no means
to push it forward, a greater angle of resistance is
formed.

In Fig. 19 this action of the two forces is illus-
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trated. The plane at the speed of 30 miles is at
an angle of 15 degrees, the body B of the machine
being horizontal, and the weight C suspended di-
rectly below the supporting surfaces.

The moment the power ceases the weight con-
tiues moving forwardly, and it swings the forward
end of the frame upwardly, Fig. 20, and we now

mé‘o Letion mmmm 17 72/3

have, as in the second figure, a new angle of inci-
dence, which is 30 degrees, instead of 12. It will
be understood that in order to effect a change in
the position of the machine, the forward end as-
cends, as shown by the dotted line A.

The weight C having now ascended as far as
possible forward in its swing, and its motion
checked by the banking action of the plan it will
again swing back, and again carry with it the
frame, thus setting up an oscillation, which is ex-
tremely dangerous.

The tail E, with its unchanged angle, does not,
in any degree, aid in maintaining the frame on
an even keel. Being nearly horizontal while in
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flight, if not at a negative angle, it actually assists
the forward end of the frame to ascend. :

ArrricaTION OF THE NEw PrINCIPLE.—Extending
the application of the suggested form, let us see
wherein it will prevent this pendulous motion at
the moment the power ceases to exert a forwardly-
propelling force.

In Fig. 21 the body A is shown to be equipped
with the supporting plane B and the tail C, so

A
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they are adjustable simultaneously at the same
angle, and the weight D is placed below, similar to
the other structure.

At cvery moment during the forward move-
ment of this type of structure, the rear end of
the machine has a tendency to move upwardly,
the same as the forward end, hence, when the
weight seeks, in this case to go on, it acts on the
rear plane, or tail, and causes that end to raise,
and thus by mutual action, prevents any pen-
dulous swing.

Low WereHET Notr NECESSARY WITH SYNCHRON-
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ousLY-MoviNG Wings.—A little reflection will con-
vince any one that if the two wings move in har-
mony, the weight does not have to be placed low,
and thus still further aid in making a compact
machine. By increasing the area of the tail, and
making that a true supporting surface, instead of
a mere idler, the weight can be moved further
back, the distance transversely across the planes
may be shortened, and in that way still further
increase the lateral stability.



CHAPTER V

DIFFERENT MACHINE TYPES AND THEIR CHARACTER-
ISTICS

TaERE are three distinct types of heavier-than-
air machines, which are widely separated in all
their characteristics, so that there is scarcely a
single feature in common.

Two of them, the aeroplane, and the orthopier,
have prototypes in nature, and are distinguished
by their respective similarities to the soaring
birds, and those with flapping wings.

The Helicopter, on the other hand, has no an-
tecedent type, but is dependent for its raising
powers on the pull of a propeller, or a plurality
of them, constructed, as will be pointed out here-
inafter.

. AsrrorLanNes.—The only form which has met

with any success is the aeroplane, which, in
practice, is made in two distinct forms, one with
a single set of supporting planes, in imitation of
birds, and called a monoplane; and the other hav-
ing two wings, one above the other, and called

the bi-plane, or two-planes.
65
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All machines now on the market which do not
depend on wing oscillations come under those
types.

Tae MonorLaNE.—The single plane type has
some strong claims for support. First of these
is the comparatively small head resistance, due
to the entire absence of vertical supporting posts,
which latter are necessary with the biplane type.
The bracing supports which hold the outer ends
of the planes are composed of wires, which offer
but little resistance, comparatively, in flight.

Its ApvanTacEs.—Then the vertical height of
the machine is much less than in the biplane. As
a result the weight, which is farther below the
supporting surface than in the biplane, aids in
maintaining the lateral stability, particularly
since the supporting frame is higher.

Usually, for the same wing spread, the mono-
plane is narrower, laterally, which is a further
aid to prevent tilting.

Its DisapvanTtaces.—But it also has disadvan-
tages which must be apparent from its struc-
ture. As all the supporting surface is concen-
trated in half the number of planes, they must
be made of greater width fore and aft, and this,
as we shall see, later on, proves fo be a disadvan-

tage.

It is also doubted whether the monoplane can
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be made as strong structurally as the other form,
owing to the lack of the truss formation which is
the strong point with the superposed frame. A
truss is a form of construction where braces can
be used from one member to the next, so as to
brace and stiffen the whole.

THE Brerane.—Nature does not furnish a type
of creature which has superposed wings. In this
particular the inventor surely did not follow na-
ture. The reasons which led man to employ this
type may be summarized as follows:

In experimenting with planes it is found that
a broad fore and aft surface will not lift as much
as a narrow plane. This subject is fully ex-
plained in the chapter on T'he Lifting Surfaces of
Planes. In view of that the technical descrip-
tions of the operation will not be touched upon
at this place, except so far as it may be necessary
to set forth the present subject.

This peculiarity is due to the accumulation of
a mass of moving air at the rear end of the plane,
which detracts from its lifting power. As it
would be a point of structural weakness to make
the wings narrow and very long, Wenham many
years ago suggested the idea of placing one plane
above the other, and later on Chanute, an
engineer, used that form almost exclusively, in
experimenting with his gliders.
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It was due to his influence that the Wrights
adopted that form in their gliding experiments,
and later on constructed their successful flyers
in that manner. \ Originally the monoplane was
the type generally employed by experimenters,
~such as Lilienthal, and others.

StaBmiTy IN BreLanes.—Biplanes are not nat-
urally as stable laterally as the monoplane.
The reason is, that a downward tilt has the bene-
fit of only a narrow surface, comparable with the
monoplane, which has broadness of wing.

To illustrate this, let us assume that we have
a biplane with planes five feet from front to rear,
and thirty-six feet in length. This would give
two planes with a sustaining surface of 360 square
feet. The monoplane would, probably, divide
this area into one plane eight and a half feet from
front to rear, and 42 feet in length.

In the monoplane each wing would project out
about three feet more on each side, but it would
have eight and a half feet fore and aft spread
to the biplane’s five feet, and thus act as a greater
support.

Tue OrrHOPTER.—The term orthopter, or orni-
thopter, meaning bird wing, is applied to such
flying machines as depend on wing motion to sup-
port them in the air.

Unquestionably, a support can be obtained by
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beating on the air but to do so it is necessary to
adopt the principle employed by nature to secure
an upward propulsion. As pointed out else-
where, it cannot be the concaved type of wing,
or its shape, or relative size to the weight it must
carry.

As nature has furnished such a variety of data
on these points, all varying to such a remarkable
degree, we must look elsewhere to find the secret.
Only one other direction offers any opportunity,
and that is in the individual wing movement.

Narure’s Type Nor UnmrorM.—When this is

examined, the same obscurity surrounds the issue.
Even the speeds vary to such an extent that when
it is tried to differentiate them, in comparison
with form, shape, and construction, the experi-
menter finds himself wrapt in doubt and perplex-
ity.
. But birds do fly, notwithstanding this wonder-
ful array of contradictory exhibitions. Observa-
tion has not enabled us to learn why these things
are so. High authorities, and men who are ex-
pert aviators, tell us that the bird flies because
it is able to pick out ascending air currents.

TaeormEs Aour FricET OF Birps.—Then we
are offered the theory that the bird has an in-
stinet which tells it just how to balance in the
air when its wings are once set in motion. Fre-
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quently, what is taken for instinct, is something
entirely different.

It has been assumed, for instance, that a cyeclist
making a turn at a rapid speed, and a bird flying
around a circle will throw the upper part of the
body inwardly to counteract the centrifugal force
which tends to throw it outwardly.

Experiments with the monorail car, which is
equipped with a gyroscope to hold it in a vertical
position, show that when the car approaches a
curve the car will lean inwardly, exactly the same
as a bird, or a cyclist, and when a straight stretch
is reached, it will again straighten up.

InsTincT.—Now, either the car, so equipped
possesses instinct, or there must be a principle
in the laws of nature which produces the similar-
ity of action.

In like manner there must be some principle
that is entirely independent of the form of mat-
ter, or its arrangement, which enables the bird
-to perform its evolutions. We are led to believe
from all the foregoing considerations that it is
the manner or the form of the motion.

Mobe or Motion.—In this respect it seems to
be comparable in every respect to the great and
universal law of the motions in the universe.
Thus, light, heat and electricity are the same, the
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manifestations being unlike only because they
have different modes of motion.

Everything in nature manifests itself by mo-
tion. It is the only way in which nature acts.
Every transformation from one thing to.another,
is by way of a movement which is characteristic
in itself.

‘Why, then, should this great mystery of na-
ture, act unlike the other portions of which it is
a part?

Tae Wine StrucTure.—The wing structure of
every flying creature that man has examined, has
one universal point of similarity, and that is the
manner of its connection with the body. It is a
sort of universal joint, which permits the wing
to swing up and down, perform a gyratory move-
ment while doing so, and folds to the rear when
at rest.

Some, have these movements in a greater or
less degree, or capable of a greater range; but
the joint is the same, with scarcely an exception.
‘When the stroke of the wing is downwardly the
rear margin is higher than the front edge, so
that the downward beat not only raises the body
upwardly, but also propels it forwardly.

Tae Wine MoveMENT.—The moment the wing
starts to swing upwardly the rear end is de-
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pressed, and now, as the bird is moving for-
wardly, the wing surface has a positive angle of
incidence, and as the wing rises while the for-
ward motion is taking place, there is no resist-
ance which is effective enough to counteract the
momentum which has been set up.

The great problem is to put this motion into a
mechanical form. The trouble is not ascribable
to the inability of the mechanic to describe this
movement. It is an exceedingly simple one.
The first difficulty is in the material that must
be used. Lightness and strength for the wing
itself are the first requirements. Then rigidity
'in the joint and in the main rib of the wing, are
the next considerations.

In these respects the ability of man is limited.
The wing ligatures of flying creatures is exceed-
ingly strong, and flexible; the hollow bone forma-
tion and the feathers are extremely light, com-
pared with their sustaining powers.

Tue Hericorrer MotioN.—The helicopter, or
heliz-wing, is a form of flying machine which de-
pends on revolving screws to maintain it in the
air. Many propellers are now made, six feet in
length, which have a pull of from 400 to 500
"pounds. If these are placed on vertically-dis-
posed shafts they would exert a like power to
raise a machine from the earth.
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Obviously, it is difficult to equip such a machine
with planes for sustaining it in flight, after it is
once in the air, and unless such means are pro-
vided the propellers themselves must be the
mechanism to propel it horizontally.

This means a change of direction of the shafts
which support the propellers, and the construc-
tion is necessarily more complicated than if they
were held within non-changeable bearings.

This principle, however, affords a safer means
of navigating than the orthopter type, because
the blades of such an instrument can be forced
through the air with infinitely greater speed than
beating wings, and it devolves on the inventor to
devise some form of apparatus which will permit
the change of pull from a vertical to a horizontal
direction while in flight.



CHAPTER VI

THE LIFTING SURFACES OF AEROPLANES

Ta1s subject includes the form, shape and angle
of planes, used in flight. It is the direction in
which most of the energy has been expended in
developing machines, and the true form is still
involved in doubt and uncertainty.

ReraTive Speep AND ANGLE—The relative
speed and angle, and the camber, or the curved
formation of the plane, have been considered in
all their aspects, so that the art in this respect has
advanced with rapid strides.

Narrow Pranes Most Erreorive—It was
learned, in the early stages of the development
by practical experiments, that a narrow plane,
fore and aft, produces a greater lift than a wide
one, so that, assuming the plane has 100 square
feet of sustaining surface, it is far better to make
the shape five feet by twenty than ten by ten.

However, it must be observed, that to use the
narrow blade effectively, it must be projected

through the air with the long margin forwardly.
74
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Its sustaining power per square foot of surface
is much less if forced through the air lengthwise.

Experiments have shown why a narrow blade
has proportionally a greater lift, and this may
be more clearly understood by examining the illus-
trations which show the movement of planes
through the air at appropriate angles.

Fig LR, Stream lines alond e plaxe.

StreaM Lines Avrone A Prane.—In Fig. 22, A
is a flat plane, which we will assume is 10 feet
from the front to the rear margin. For con-
venience seven stream lines of air are shown,
which contact with this inclined surface. The first
line 1, after the contact at the forward end, is
driven downwardly along the surface, so that it
forms what we might term a moving film.

The second air stream 2, strikes the first stream,
followed successively by the other streams, 3, 4,
and so on, each succeeding stream being compelled
to ride over, or along on the preceding mass of
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cushioned air, the last lines, near the lower end,
being, therefore, at such angles, and contacting
with such a rapidly-moving column, that it pro-
duces but little lift in comparison with the 1st,
2d and 3d stream lines. These stream lines are
taken by imagining that the air approaches and
contacts with the plane only along the lines in-
dicated in the sketch, although they also in prac-
tice are active against every part of the plane.

TraE CeENTER OF PrESsURE.—In such a plane the
center of pressure is near its upper end, probably
near the line 3, so that the greater portion of the
lift is exerted by that part of the plane above
line 3.

A1r Lines oN THE UPPER SIDE OF THE PLANE.—
Now, another factor must be considered, namely,
the effect produced on the upper side of the plane,
over which a rarefied area is formed at certain
points, and, in practice, this also produces, or
should be utilized to effect a lift.

Rareriep Area.—What is called a rarefied area,
has reference to a state or condition of the atmos-
phere which has less than the normal pressure or
quantity of air. Thus, the pressure at sea level,
is about 1434 per square inch.

As we ascend the pressure grows less, and the
air is thus rarer, or, there is less of it. This is a
condition which is normally found in the atmos-

™
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phere. Several things tend to make a rarefied
condition. One is altitude, to which we have just
referred.

Then heat will expand air, making it less dense,
or lighter, so that it will move upwardly, to be
replaced by a colder body of air. In aeronautics
neither of these conditions is of any importance
in considering the lifting power of aeroplane sur-
faces.

Rareraction Propucep By Motion.—The third
rarefied condition is produced by motion, and gen-
erally the area is very limited when brought about
by this means. If, for instance, a plane is held
horizontally and allowed to fall toward the earth,
it will be retarded by two forces, namely, compres-
sion and rarefaction, the former acting on the
under side of the plane, and the latter on the upper
side,

Of the two rarefaction is the most effectual,
and produces a greater effect than compression.
This may be proven by compressing air in a long
pipe, and noting the difference in gauge pressure
between the ends, and then using a suction pump
on the same pipe.

When a plane is forced through the air at any
angle, a rarefied area is formed on the side which
is opposite the one having the positive angle of
incidence.
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If the plane can be so formed as to make a large
and effective area it will add greatly to the value
of the sustaining surface.

Unfortunately, the long flat plane does not lend
any aid in this particular, as the stream line flows
down along the top, as shown in Fig. 23, without
being of any service.

Tae Concavep Prane.—These considerations
led to the adoption of the concaved plane forma-
tion, and for purposes of comparison the diagram,
Fig. 24, shows the plane B of the same length and
angle as the straight planes.

In examining the successive stream lines it will
be found that while the 1st, 2d and 3d lines have
a little less angle of impact than the correspond-
ing lines in the straight plane, the last lines, 5, 6
and 7, have much greater angles, so that only line
4 strikes the plane at the same angle.

Such a plane structure would, therefore, have
its center of pressure somewhere between the
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lines 3 and 4, and the lift being thus, practically,
uniform over the surface, would be more effective.

Tas CeNTER OF PREssURE.—This is a term used
to indicate the place on the plane where the air
acts with the greatest force. It has reference to
a point between the front and rear margins only
of the plane.

Urmizine THE RareriED AREA.—This structure,
however, has another important advantage, as it
utilizes the rarefied area which is produced, and
which may be understood by reference to Fig. 25.

The plane B, with its upward curve, and at the
same angle as the straight plane, has its lower
end so curved, with relation to the forward move-
ment, that the air, in rushing past the upper end,
cannot follow the curve rapidly enough to main- -
tain the same density along C, hence this exerts
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an upward pull, due to the rarefied ‘area, which
serves as a lifting force, as well as the compressed
mass beneath the plane.

CaangiNG CENTER OF PrEssure.—The center of
pressure is not constant. It changes with the
angle of the plane, but the range is considerably
less on a concave surface than on a flat plane.

F29.Ra Airlines adove o conves Plane.

In a plane disposed at a small angle, A, as in
Fig. 26, the center of pressure is nearer the for-
ward end of the plane than with a greater posi-
tive angle of incidence, as in Fig. 27, and when
the plane is in a normal flying angle, it is at the
center, or at a point midway between the mar-
gins.

Prane Mox~sTtrOsITIES.—Growing out of the idea
that the wing in nature must be faithfully copied,
it is believed by many that a plane with a pro-
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nounced thickness at its forward margin is one
of the secrets of bird flight.
Accordingly certain inventors have designed

W 4 o Lrzsdicr
Center of Presdnse
FigR6 Va7 ¥ 1 4
Cluangding centers of Eresiured

types of wings which are shown in Figs. 28 and
29.
Both of these types have pronounced bulges, de-

7%9.28 F7g.29

signed to ‘‘split’’ the air, forgetting, apparently,
that in other parts of the machine every effort is
made to prevent head resistance.
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Tae Bmrp Wine StrucTure.—The advocates of
such construction maintain that the forward edge
of the plane must forcibly drive the air column
apart, because the bird wing is so made, and that
while it may not appear exactly logical, still there
is something about it which seems to do the work,
and for that reason it is largely adopted.

Way THE Biep’s WiNe HAs Ao PRONOUNCED
Burge.—Let us examine this claim. The bone
which supports the entire wing surface, called the
pectoral, has a heavy duty to perform. It is so
constructed that it must withstand an extraor-
dinary torsional strain, being located at the for-
ward portion of the wing surface. Torsion has
reference to a twisting motion.

In some cases, as in the bat, this primary bone
has an attachment to the rear of the main joint,
where the rear margin of the wing is attached to
the leg of the animal, thus giving it a support
and the main bone is, therefore, relieved of this
torsional stress.

TaE Bar’s WiNne.—An examination of the bat’s
wing shows that the pectoral bone is very small
and thin, thus proving that when the entire wing
support is thrown upon the primary bone it must
be large enough to enable it to carry out its func-
tions. Tt is certainly not so made because it is a
necessary shape which best adapts it for flying.

‘¢



THE LIFTING SURFACES 83

If such were the case then nature erred in the
case of the bat, and it made a mistake in the
housefly’s wing which has no such anterior en-
largement to assist (?) it in flying.

A~ ABNorRMAL SHAPE.—Another illustration is
shown in Fig. 30, which has a deep concave di-
rectly behind the forward margin, as at A, so
that when the plane is at an angle of about 22

F69.80. One of the Monstrosities

degrees, a horizontal line, as B, passing back from
the nose, touches the incurved surface of the plane
at a point about one-third of its measurement
back across the plane.

This form is an exact copy of the wing of an
actual bird, but it belongs, not to the soaring,
but to the class which depends on flapping wings,
and as such it cannot be understood why it should
be used for soaring machines, as all aeroplanes
are.
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The foregoing instances of construction are
cited to show how wildly the imagination will
roam when it follows wrong ideals.

THE TarwL as o Moxnrror.—The tendency of the
center of pressure to change necessitates a correc-
tional means, which is supplied in the tail of
the machine, just as the tail of a kite serves to
hold it at a correct angle with respect to the wind
and the pull of the supporting string.



CHAPTER VII

ABNORMAL FLYING STUNTS AND SPEEDS

‘“‘Pequop, a Frenchman, yesterday repeatedly
performed the remarkable feat of flying with the
machine upside down. This exhibition shows
that the age of perfection has arrived in flying
machines, and that stability is an accomplished
fact.””—News item.

This is quoted to show how little the general
public knows of the subject of aviation. It cor-
rectly represents the achievement of the aviator,
and it probably voiced the sentiment of many
scientific men, as well as of the great majority of
aviators.

A few days afterwards, the same newspaper

. published the following:

‘‘Lieutenant ——, while experimenting yester-
day morning, met his death by the overturning
of his machine at an altitude of 300 meters.
Death was instantaneous, and the machine was

completely destroyed.”’
85
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The machines used by the two men were of the
same manufacture, as Pequod used a stock ma-
chine which was strongly braced to support the
inverted weight, but otherwise it was not unlike
the well known type of monoplane.

Beachy has since repeated the experiment with
a bi-plane, and it is a feat which has many imi-
tators, and while those remarkable exhibitions
are going omn, one catastrophe follows the other
with the same regularity as in the past.

Let us consider this phase of flying. Are they
of any value, and wherein do they teach anything
that may be utilized ?

Lack oF IMPROVEMENTS IN MacHINES.—It is re-
markable that not one single forward step has
been taken to improve the type of flying machines
for the past five years. They possess the same
shape, their stabilizing qualities and mechanism
for assuring stability are still the same.

Mex Exprortep, aAND NoT THE MacHINE.—The
fact is, that during this period the man has been
exploited and not the machine. Men have learned,
some few of them, to perform peculiar stunts,
such as looping the loop, the side glide, the drop,
and other features, which look, and are, hazardous,
all of which pander to the sentiments of the spec-
tators.
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AsxorMAL Frying oF No VaLue.—It would be
too broad an assertion to say that it has abso-
lutely no value, because everything has its use
in a certain sense, but if we are to judge from
the progress of inventions in other directions,
such exhibitions will not improve the art of build-
ing the device, or make a fool-proof machine.

Indeed, it is the very thing which serves as a
deterrent, rather than an incentive. If machines
can be handled in such a remarkable manner, they
must be, indeed, perfect! Nothing more is
needed! They must represent the highest struc-
tural type of mechanism!

That is the idea sought to be conveyed in the
first paragraph quoted. It is pernicious, instead
of praiseworthy, because it gives a false impres-
sion, and it is remarkable that even certain scien-
tific journals have gravely discussed the per-
fected (?) type of flying machine as demonstrated
by the experiments alluded to.

TrE ArT oF JUGeLING.—We may, occasionally,
see a cyclist who understands the art of balancing
so well that he can, with ease, ride a machine
which has only a single wheel; or he can, with a
stock bicycle, ride it in every conceivable attitude,
and make it perform all sorts of feats.

It merely shows that man has become an ex-

f‘\
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pert at juggling with a machine, the same as he
manipulates balls, and wheels, and other artifices,
by his dexterity.

Practican Uses THE Best Test.—The bicycle
did not require such displays to bring it to per-
fection. It has been the history of every inven-
tion that improvements were brought about, not
by abnormal experiments, but by practical uses
and by normal developments.

The ability of an aviator to fly with the machine
in an inverted position is no test of the machine’s
stability, nor does it in any manner prove that
it is correctly built. It is simply and solely a
juggling feat—something in the capacity of a cer-
tain man to perform, and attract attention be-
cause they are out of the ordinary.

Concavep aND Convex PrLanes.—They were per-
formed as exhibition features, and intended as
such, and none of the exponents of that kind of
flying have the effrontery to claim that they prove
anything of value in the machine itself, except
that it incidentally has destroyed the largely
vaunted claim that concaved wings for supporting
surfaces are necessary.

How MoMENTUM 18 A FacTor IN INVERTED F'LY-
iNe.—When flying ‘‘upside down,’’ the convex
side of the plane takes the pressure of the air,
and maintains, so it is asserted, the weight of the

BN
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machine. This is true during that period when
the loop is being made. The evolution is made
by first darting down, as shown in Fig. 31, from
the horizontal position, 1, to the position 2, where
the turn begins.

i 4

Tae TurNiNgG MoveMENT.—Now note the char-
acteristic angles .of the tail, which is the con-
trolling factor. In position 1 the tail is prac-
tically horizontal. In fact, in all machines, at
high flight, the tail is elevated so as to give little
positive angle of incidence to the supporting
planes.

r-
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In position No. 2, the tail is turned to an angle
of incidence to make the downward plunge, and
when the machine has assumed the vertical, as in
position 3, the tail is again reversed to assume
the angle, as in 1, when flying horizontally.

At the lower turn, position 4, the tail is turned
similar to the angle of position 2, which throws
the rear end of the machine down, and as the
horizontal line of flight is resumed, in an inverted
position, as in position 4, the tail has the same
angle, with relation to the frame, as the support-
ing planes.

During this evolution the engine is running, and
the downward plunge developes a tremendous
speed, and the great momentum thus acquired,
together with the pulling power of the propeller
while thus in flight, is sufficient to propel it along
horizontally, whatever the plane surface curve, or
formation may be.

It is the momentum which sustains it in space,
not the air pressure beneath the wings, for
reasons which we have heretofore explained.
Flights of sufficient duration have thus been made
to prove that convex, as well as concave surfaces
are efficient; nevertheless, in its proper place we
have given an exposition of the reasoning which
led to the adoption of the concaved supporting
surfaces.

|
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WaeN Concavep Pranes Are DEesiraBLE.—Un-
questionably, for slow speeds the concaved wing
is -desirable, as will be explained, but for high
speeds, surface formation has no value. That is
shown by Pequod’s feat.

Tae SpeEp Mania.—This is a type of mania
which pervades every field of activity in the build-
ing of aeroplanes. Speed contests are of more
importance to the spectators on exhibition
grounds than stability or durability. Builders
pander to this, hence machines are built on lines
which disregard every consideration of safety
while at normal flight.

Uses or Frvine MacHINEs.—The machine as
now constructed is of little use commercially.
Within certain limitations it is valuable for scout-
ing purposes, and attempts have been made to
use it commercially. But the unreliable character
of its performances, due to the many elements
which are necessary to its proper working, have
operated against it.

PerrecTiON 1IN MacHINEs MUust CoME BEFORE
Sreep.—Contrary to every precept in the build-
ing of a new article, the attempt is made to make
- a machine with high speed, which, in the very
nature of things, operates against its improve-
ment. The opposite—lack of speed—is of far
greater utility at this stage of its development.
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Tae Rance or 118 Use.—The subject might be
illustrated by assuming that we have a line run-
ning from A to Z, which indicates the range of
speeds in aeroplanes. The limits of speeds are
fairly stated as being within thirty and eighty-
five miles per hour. Less than thirty miles are
impossible with any type of plane, and while some
have made higher speeds than eighty-five miles it
may be safe to assume that such flights took place
under conditions where the wind contributed to
the movement.

Miles per Hour =|
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CommEerciaL UtiLity.—Before machines can be
used successfully they must be able to attain
slower speeds. Alighting is the danger factor.
Speed machines are dangerous, not in flight or
at high speeds, but when attempting to land. A
large plane surface is incompatible with speed,
which is another illustration that at high veloci-
ties supporting surfaces are not necessary.

mmercial uses require safety as the first ele-
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ment, and reliability as the next essential. For
passenger service there must be an assurance that
it will not overturn, or that in landing danger is
not ever-present. For the carrying of freight in-
terrupted service will militate against it.

How few are the attempts to solve the problem
of decreased speed, and what an eager, restless
campaign is being waged to go faster and faster,
and the addition of every mile above the record
is hailed as another illustration of the perfection
(?) of the flying machine.

To be able to navigate a machine at ten, or fif-
teen miles an hour, would scarcely be interesting
enough to merit a paragraph; but such an accom-
plishment would be of far more value than all of
Pequod’s feats, and be more far-reaching in its
effects than a flight of two hundred miles per hour.



CHAPTER VIII

KITES AND GLIDERS

Krres are of very ancient origin, and in China,
Japan, and the Malayan Peninsula, they have been
used for many years as toys, and for the purposes
of exhibiting forms of men, animals, and particu-
larly dragons, in their periodical displays.

TrE Dracon KiTe.—The most noted of all are
the dragon kites, many of them over a hundred
feet in length, are adapted to sail along majes-
tically, their sinuous or snake-like motions lending
an idea of reality to their gorgeously-colored ap-
pearance in flight.

Irs ConstrRUCTION.—It i8 vVery curiously
wrought, and as it must be extremely light, bam-
boo and rattan are almost wholly used, together
with rice paper, in its construction.

Fig. 33 shows one form of the arrangement, in
which the bamboo rib, A, in which only two sec-
tions are shown, as B, B, form the backbone, and
these sections are secured together with pivot
pins C. Each section has attached thereto a
hoop, or circularly-formed rib, D, the rib passing
through the section B, and these ribs are con-

- 04
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nected together loosely by cords E, which run
from one to the other, as shown.

These circular ribs, D, are designed to carry a
plurality of light paper disks, F, which are at-
tached at intervals, and they are placed at such
angles that they serve as small wing surfaces or
aeroplanes to hold the structure in flight.

Zg. 88. A1ré of 2ragon Kite.

TaE Maray Krre.—The Malay kite, of which
Fig. 34 shows the structure, is merely made up of
two cross sticks, A, B, the vertical strip, A, being
bent and rigid, whereas the cross stick, B, is light
and yielding, so that when in flight it will bend,
as shown, and as a result it has wonderful sta-
bility due to the dihedral angles of the two sur-
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faces. This kite requires no tail to give it sta-
bility.

Pl &%. The Malay Kite.

DinepraL ANGLES.—This is a term to designate
a form of disposing of the wings which has been
found of great service in the single plane ma-
chines. A plane which is disposed at a rising

.

9. 85. Dikedral dngle

angle, as A, A, Fig. 35, above the horizontal line,
is called dihedral, or diedral.

This arrangement in monoplanes does away
with the necessity of warping the planes, or chang-

.'
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ing them while in flight. If, however, the angle
is too great, the wind from either quarter is liable
to raise the side that is exposed.

Tuae ComMon Kite.—While the Malay kite has
only two points of cord attachment, both along
the vertical rib, the common kite, as shown in
Fig. 36, has a four-point connection, to which the

Fig 86 Comamon Nite.

flying cord is attached. Since this form has no
dihedral angle, it is necessary to supply a tail,
which thus serves to keep it in equilibrium, while
in flight.

Various modifications have grown out of the
Malay kite. One of these forms, designed by
Eddy, is exactly like the Malay structure, but in-
stead of having a light flexible cross piece, it is
bent to resemble a bow, so that it is rigidly held
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in a bent position, instead of permitting the wind
to give it the dihedral angle.
TrE Bow KiTe.—Among the different types are

the bow kite, Fig. 37, and the sexagonal structure,
Fig. 38, the latter form affording an especially
large surface.

N
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Tae Box Kire.—The most marked improve-
ment in the form-of kites was made by Hargreaves,
in 1885, and called the box kite. It has wonderful
stability, and its use, with certain modifications,
in Weather Bureau experiments, have proven its
value. .

It is made in the form of two boxes, A, B, open
at the ends, which are secured together by means
of longitudinal bars, C, that extends from one to
the other, so that they are held apart a distance,

Fig 89 Hargreave Ktte.

approximately, equal to the length of one of the
boxes.

Their fore and aft stability is so perfect that
the flying cord D is attached at one point only,
and the sides of the boxes provide lateral sta-
bility to a marked degree.

THE Voison BrerLane.—This kind of kite fur-
nished the suggestion for the Voison biplane,
which was one of the earlier productions in flying
machines. |

YHU54 A
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Fig. 40 shows a perspective of the Voison plane,
which has vertical planes A, A, at the ends, and
also intermediate curtains B, B. This was found
to be remarkably stable, but during its turning
movements, or in high winds, was not satisfactory,
and for that reason was finally abandoned.

LaTerar Stasmiry 1N Kites Nor CONCLUSIVE As
70 Pranes.—This is instanced to show that while
such a form is admirably adapted for kite pur-
poses, where vertical curtains are always in line

F%g.40. Voison Biplane.

with the wind movement, and the structure is held
taut by a cord, the lateral effect, when used on a
machine which does not at all times move in line
with the moving air current. A condition is thus
set up which destroys the usefulness of the box
kite formation.

Tae Spear Kire.—This is a novel kite, with
remarkable steadiness and is usually made with
the wings on the rear end larger than those on
the forward end (F'ig. 41), as thereby the cord

-,
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A can be attached to the spear midway between
the two sets of wings.

Tar CeLLurar Kite—Following out the sug-
gestion of the Hargreaves kite, numerous forms
embodying the principle of the box structure were
made and put on the market before the aeroplane
became a reality.

Fig.4R. Celtylar Kite.

A structure of this form is illustrated in Fig.
42. Each box, as A, B, has therein a plurality of
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vertical and horizontal partitions, so that a num-
ber of cells are provided, the two cell-like boxes
being held apart by a bar C, axially arranged.

This type is remarkably stable, due to the small
cells, and kites of this kind are largely used for
making scientific experiments.

TaE TerraHEDRAL KiTE.—Prof. Bell, inventor
of the telephone, gave a great deal of study to

L 2g.98. Zetrahedial Kite.

kites, which resulted in