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The Aeroplane



Introduction

Of the three modes of travel, by land, water or air, air
travel has alwa vs presenied the greatest problem.! It is only
in fairly recent years that man has been able to build a really
reliable machine to transport him efiiciently and safely in
the air.2 That machine is, of course, the aeroplane, and it
is the purpose of this bock to describe as simply as possible
how and why an aeroplane workss.

Motor cars travel on solid ground and have only to be
propelled along. Boats and ships are supported by the
water and will remain afloat under all normal conditions.
But an aeroplane is heavier than the air in which it has
to fly4, yet it must be got off the ground, made to stay in
the air in spite of5 its weight and finally brought back to
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carth gently without damage.

To discover how an aeroplane works, we must firsi find
outt abeut the air itself, how it behaves and how it affects
an object moving through it. The way an qeroplane is built
to mcke use ¢f the air is important, as is also the method by

which it is conirolled and made to obey the wishes of the

pilot.”
It is a big subject but a truly fascinating one.
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The air

There is a huge envelope of airt around the surface of’
the earth. This air has an atmospheric pressure? due to¥
the weight of all the air above it. As we leave the earth’s
surface and go higher, the pressure becomes less because
there is less air above to press down. At sea levelé the air:
pressure is nearly fifteen pounds on every square inch of
surface; at twenty thousand feet this reduces to seven
pounds to the square inch; at sixty thousand feet the air
pressure is only one pound per square inch.

Air is also compressible, which means that it is more.
compressed, or denser nearer the ground.® Once again, this.
is because of the pressure of all the air above. Because

1t is more dense, air at sea level is heavier than the air higher-
up. If we use the same height examples as before, we find
that one hundred cubic feet of air weighs nearly eight pounds:
at sea level, only four pounds at twenty thousand feet and
less than three-quarters of a pound’ at sixty thousand feet..
These differences of air pressure and density have a
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very great bearing on® the design of aevoplanes, a fact you
will be able to understand better s you read further into
this book.

PRESSLNRE WEIGHT
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Lift and drag

To enable an aeroplane to fly in the air it must be given
a lifting force at least equai to its own weightl, How ig
this lift to be provided?? Let us first consider a more simple
flying object—a kite. The strings of a kite are so fitted that
when the kite is flown it is not flat or upright but inclined
at an angle, the front or leading edge being higher than the
rear or trailing edge® Have you ever noticed this? The
angle at which the kite 'is inclined is known as the angle
of attack.

As you give the kite speed by holding the string and
running, it will rise into the air and if you pay outs the
string it will rise higher and higher. The upward forcet
which makes the kite rise is called the lift. If you grip
the string tightly and draw the kite toward you in the air,
you will feel a pull as the air tries to hold it back’. This
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pull is known as drag and it acts against the direction of
flight.

With8 aercplanes, lift is a uscful force which is essential
to flizhi. It is obtained partly by the wings and partly by
the aeropiane’s forward speed. Drag is a backward pull
which hinders forward motion and has to be reduced to =

minimum.
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‘Ascroplane wings

So far! we have been deaiing +with? the simplest form
of wing—the kite—with its flat surfaces and light weight,
Acroplanes need something much more eificient, and designers
have developed wings of special, curved shape known as
acrofoils. An zercfoil is really made up of® two surfaces,
an upper and a lower, each with a different curve or camber.
‘There are two main reasons for this: firstly, a curved surface
gives better lift, and secondly, an aeroplane wing has to get
a heavy machine off the ground, so it must have thickness
into whichk the necessary strength can be builtt, '

In the previous chapter we menticned the angle at which
the kite was inclined upward, that is5, the angle of attack.
‘Aeroplane wings also have an angle of attack and are fitted
o the fuselage with the leading edge slightly higher than ths
trailing edge when seen in the flying position.s An increased
angle of attack gives more lift, as with the kite, but also
increascs the drag.” For normal flight the angle of attack has
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to be just right to ensure sufficient lift and at the same time

cause as little drag as possible.

On modern fast-flying aeroplcnes the angle of attack
{s very small, usually not much more than ohout two degrees
from the horizontal when in level jflight® The angle of
attack is the angle between the relative airfiow? and the chord
Iine!®. The chord line is the line joining the centres of

survaiure of the leading and trailing edges.

SECTION OF WING THICKNESS

CAMBER

ANGLE OF ATTACK

TURBULENCE
STALLING bTAgg

P(‘c“’\

TYPES OF WiNGs

8. AR BB AIEED, M WIEKE KT RKFLRW R A
ERAEANE. £ when... flight BMNIH, LBAEIE DT they are &
3. they # modern fast-flying aeroplanes, 3#&. EARGH, \MURERKNE
EREFRYEEHT K. IR EED BRSO E A R, '?‘ﬁ_t—F
XHEE, TEMSX, 2RV, 9. MESm. 10, (7358 R
. LR,  12.FI%, FeamE.



‘Airflow over an aeroplane’s wing

For an aeroplane’s wing to give the lift required for
fight, the general airfiow over and around the wing must
be streamlined and not turbuient.!

The amount of lift the wings give will depend on?:,
Their shape.

Their area.

The density of the air through which they fiy.
The speed at which the air passes over them.

The angle of attack.

A N

Numbers 4 and 5 are the ones which can be controlled
by the pilot, although he has some control over number 3
by choosing the height at which he flies,

For a given speed, the amount of lift is controlled by the
angle of attack, the greater the angle of attack—the greater
the lift3. This is true up to the angle of attack known as the
stalling anglet, when the general airflow becomes turbulent
and there is a sudden decrease in the amount of lift.

As the weight of a plane in the air is constant, the lift
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required (o keep it flying straight and levels5 must also be
consiani. Because of this, @ test pilotS can, at a safe height,
fly straight and level, gradually reducing his speed but
increasing his angle of attack so that the lift remains con-
stant?, until the stalling angle is reached. In straight and
level flight, the stalling angle will always be reached at the
same indicaied airspeed, which is known as the stalling
Speeds.

STREAMLINED AIRFLOW PAST A WING IN SLOW FLICHT

The airflow remains streamlined until the stalling angle is reached, when
the airflow quite suddenly becomes turbulent, resulting in a sudden decreass
in Lfft,

Any attempt to increase further the angle of attack will result in even-
more loss of lift.

TURBULENT AIRFLOW PAST A WING AT STALLING ANGLE,

5. 0 o ,Q/j(i}“—ﬁfr flying straight and lewl e iE, (EEE
it B‘J’fhﬁt_.g. ] % o R, EATREAE.
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Forces scting on an asrgpiaie

We can now sum up! the various forces which act on?
an aeroplane and see how they affect the whole machine
in straight and level ilight.

An aeroplanc gains almost all its lift from the wings,
the rémaining parts® help very little. On the other hand
it is the body, or fuselage, engine mountings and other
protruding portions which cause most of the drags We
must therefore have all these parts as smooth and sireamlined
as possibles. A dart wilt fly better than a ball because it
creates less drag, so this is the sort of shape aircraft designers:
must iry to achieve.

Lift on an aeroplane acts vertically upward, the
machine’s weight pushes vertically downward. To fly
straight and level, the lift must equal the weight. If the
lift were greater the aeroplane would go higher and higher.
If the weight were greater the mackine would get lower
" and lower until it hit the ground.s
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