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The Aeroplane



‘Introduction

Of the three modes of travel, by land, water or air, air
travel has always preseinied ihe greatest problem.t It is only
in fairly recent years that man has been able to build a really
reliable machine to transport him eficiently and safely in
the air.2 That machine is, of course, the aeroplane, and it
is the purpose of this book to describe as simply as possible
how end why an aeroplane works?.

Motor cars travel on solid ground and have only to be
propelied 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 jlyt, yet it must be got off the ground, made to stay in

the air in spite of® its weight and finally brought back to
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earth gently without damage.

To discover how an aeroplane works, we must first find
outé atout the air itself, how it behaves and how it affects
an object moving through it. The way an aeroplane is built
to make use of the air is important, as is also the method by

“which it is controlled and made to obey the wishes of the
pilot.”

It is a big subject but a truly fascinating one.

6. FEE. 7. WAREINEZHAESSEEEN, TR, HE
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“The air

There is a huge envelope of air! 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 seq level* 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.S Once again, this
is because of® the pressure of all the air above. Because

it 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

1. RKEE. Iy el S 3. BIF. MENHE. FETRER, KRR
FhEAE. 4. BEFE. 5. FSKUWEWUEZLN. XEWRE, SEE,
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o -



very great bearing on® the design of aeroplanes, a fact you
will be able to understand better as you read further into
this book.

PRESSURE WEIGHT
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Lift and drag

To enable an aeroplane to fly in the air it must ble given
a lifting force ct least equal to its own weightl. How is
'this> lift to be provided?? ILet 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 veing higher than the
rear or trailing edge.® Have yoti 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 out’ the
string it will rise higher and higher. The upward forces
which makes the kite tise 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

1. EOM ARG EJAAFLTETI. at least equal ... weight REETEE
YelE BB, {6t a lifting force, 2. XNFARIMFF=HEAE? TF:

HHERIESAR is + BIEWOEARER to be provided, EXERE
XHHYTF can be provided. 3, TE|AEL, BEEREERME, BEARF
B XFRENY, MER—MAFA RS LEERESEN &, 0 ...
that «oo ARG oo PAFL e . when ... flown 2 that 5|5 45 BIKE NG
BB AL A4D. the front... or trailing edge & “&i+4i@" B @z
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pull 'is known as drag and it acts against the direction of
flight. .
With8 aeroplanes, lift is a useful force which is essential
to flight. It is obtained partly by the wings and partly by
the' aercplane’s forward speed. Drag is a backward pull
which hinders forward motion and has to be reduced to a

minimum,
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‘Acroplsne wings

" So jort we have been dealing with? the simplest form
of wing—the kite—with its flat surfaces and light weight.
Aecroplanes need something much more efficient, and designers
have developed wings of special, curved shape known as
aerofoils. An aerofoil is really made up of3 two surfaces,
ain upper and a lower, each with a diiferent 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 which the necessary strength caw be builts,

In the previous chapter we mentioned the angle at which
the kite was inclined upward, that is®, the angle of attack.
Aéropzane wings alsec have an angle' of attack and are fitted
to the juseloge with the leading edge slightly higher than the
trailing edge when seen in the flying pocition.® An increcsed
angle of attack gives more lift, as with the kite, but also
increases the drag.” For normal flight the angle of attack has

1, 4Rk, 2, #R. 3. He--BKR. 4. FUNBEXAEEER,

Fhedt = AN EERTRES. into which... built BEE A4, 5 thickness,
5. R, BMAE. 6. NIAREERA, WNHITHNEEXS, 253k
LR, HEWSEEESAEL. &£ when seen ... position BT, EiER
Bh7hiA they are BE;, they 35 aeroplane wings. —/%3 3, A& HEIEH
FiEm A EA PR EEE-F. 7. WERE—H, SRk FAIHEX,

FAD R, EE. 7E HEE as+ AR XMEHR, 3B, EESRSI
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1o be just right to ensure sufficient lift and at the same time
cause asllittlc drag as possible.

On modern fast-flying aeroplanes the angle of attack
is very small, usually not much more than about two degrees
from the horizontal when in level flight® The angle of
attack is the angle between the relative airflow® and the chord
linel®. The chord line is the line joining the centres of
curvature of the leading and ftrailing edges.

SECTION OF WING  THICKNESS

CAMBER
(Jower Alfm)‘z
ANGLE OF ATTACK

TURBULENCE A
STALLING STAGE
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e —
VE WI RELATIV!
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8, they # modern fast-flying aeroplanes. & . FEAAIH, NUBFIEKKE
EMEIREEHFA . ﬁﬁ‘ﬂﬂ&ﬁﬁﬁﬂﬁ%lﬁqﬂﬁﬁﬂ;ﬂ RELT
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‘Airflow over an sercpiane’s wing

For an aeroplane’s wing to give the lift required for
flight, the general airflow over and around the wing must
be sireamlined and not turbulent.!

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

Their area.

The density of the air through which they fly.

The speed at which the air passes over them.

O I R

The angle of attack.

Numbers 4 and 5 are the cones which can be conirolled
by the >pilot, although he has some conirol 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
stailing angle*, 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

1. ATENRPAERTHERGAT, REVNRENAREN £ 8BS 4AR
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vequired to keep it flying siraight and levels must aiso be
constant. Because of this, ¢ test pilot® 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 indicated airspeed, which is known as the stalling

Speed?.

STREAMLINED AIRFLOW PAST A WING IN SLOW FLIGHT

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

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,
3

5. [ CHIRFFE LR KT, ﬂvmg straxght and level 243418, EE
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