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Introduction

Space travel is often in the news. Many films and stories
have been written around this intensely interesting subject, but
none of these captured our attention more than the actual facts
of man’s historic landing on the Moon on 20th July 1969'. His
successful escape from the Moon’s gravitational pull and subse-
quent safe return to Earth were equally stirring.?

Space stories we see on the screen or read in books are
sometimes based on fact, but the imagination of the authors is
used to add fiction to fact® and make the tales as exciting as
possible. But what really happens when a rocket is launched?
How is it propelled? How does it travel in the emptiness of
space? Why do space vehicles stay in orbit* around the Earth
when their store of propellent> has been used up? These and
many other fascinating questions are answered in the following
pages of this book. Not all rockets are used as space vehicles
—several other uses are also described.
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Rockets versus Aircraft

. Aeroplanes rely for their operation —on the atmosphere
which surrounds the Earth. They are driven forward by
forcing the air backward with their propellers, or with the
exhaust gases* from their engines in the case of jet aircraft.
The air acting on their wings gives them lift air pressure is used
for turning and banking, and oxygen from the air enables their
engines to work.?

Air is at its greatest density at sea level. As height in-
creases the density becomes less. Five miles up, that is about
the height of Mount Everest®, the air is only one quarter as
dense as it is at sea level. For an aeroplane this means that
there is less air to push backward for forward motion, less lift
for the wings and less oxygen for the engines.* At twenty miles
above the Earth an aeroplane reaches its absolute ceiling® because
there is just not enough air for it to operate. It is obvious,
therefore, that no aeroplance will ever fly in space, let alone®
reach the Moon.

This brings us to the essential difference between the aero-
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plane and the rocket. Rockets do not need air. They travel
better above the atmosphere where the air is so thin it offers
little drag or resistance to forward and upward motion’. The
oxygen needed to operate the rocket’s motor is carried in a tank
built into the rocket itself® Once the Earth’s gravitational
pull has been overcome the rocket will continue on its chosen
path without further propulsion.
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The limitations of an aircraft comparad with a rocket
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First Principles of Rocket Propulsion

- When you walk upstairs you do so by pushing down with
your foot on each step. When you climb a rope or a tree you
lift your body upward by pulling downward with your hands.
In fact, to move in any direction you have to exert pressure in
the opposite direction The movement in the one direction is
exactly equal to the pressure in the other. To express this prin-
ciple in its correct form we say that “To every action there is
an equal and opposite reaction.” (Newton’s Third Law of
Motion.)?

When a rifle or any sort of gun is fired, there is a sharp
recoil, or kick-back®, after ﬁringf This is the backward reac-
tion of the gun to the forward action of the bullet or shell leaving
the barrel at high speed. ' :

Now, if the gun were pointed toward the ground and
fired, the recoil would be in an upward direction. That is
very roughly how a rocket works except that, instead of a bullet
leaving a barrel, we have a stream of hot gases leaving through
a downward-pointing exhaust* The kick-back from these gases

ejected at very high speed reacts toward the nose of the rocket
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and propels it upward® A gun recoils once after each bullet
is fired, but, because there is a continuous stream of gases
leaving the lower end of a rocket, it is forced u;;ward in a con-
tinuous motion.

An aeroplane is propelled forward by pushing back the
air. A rocket does not push back air to go forward; its move-

ment is caused by the action and reaction of the expanding gases
in its combustion chamber®,
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“To every action there is an equal and oppostte reaction”
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Why It Works

The principle of rocket operation is so important that
we must look into it more closely before going any further.
Remember that' a rocket does not go upward by pushing air
downward. Its upward movement is the reaction to a down-
ward force provided by escaping gases?®.

A simple explanation of the reaction principle appears.
in the diagram on the opposite page. The top drawing shows
a spherical container, like a hollow metal ball, into which pro-
pellents have been injected and burnt® These burning pro-
pellents, or combustion gases* as they are called, are intensely
hot, with the result that they expand at an enormous rate.
By doing so, they exert pressure all round the inside of the-
container. There is no outlet through which the gases can escape

so the pressure, or force they produce is spread equally all over-
‘ the inside surface of the container.® Because all the forces are
equally balanced the container does not move.

Now, if we include an exhaust in the lower portion of the

container and fold back the edges of the metal® (lower drawing),
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the gases will escape through the opening and the balance of
the forces in the container will be upset. The gases will escape
freely through the exhaust and the upper portion will have
an unbalanced upward force which will therefore move the
entire container upward. This upward force is equal to the
force of the gases escaping downward through the opening.

In a rocket there is a combustion chamber which works
in just the same way as the open-ended container.

\
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A diagram of the rea:tlon principle of a rocket



Propellent Storage Tanks

It has now been clearly established that a rocket’s upward
or forward motion is made possible by hot exhaust gases escap-
ing at high speed through the opening at the rear. These
gases are created by burning special propellents inside the
rocket. Large tanks are built into the rocket to carry the pro-
pellents; in fact these tanks are the largest parts in the rocket’s
structure and the weight of propellent they contain is often
as much as ninety per cent of the weight of the whole vehicle
before it is launched. It is therefore necessary to use the kind
of propellents that will give the greatest thrust for their weight
and the amount of space they take up®. In other words, they
must be as efficient as possible.

Similarly, the tanks themselves must provide maximum
capacity with minimum weight®. A thin rocket will create
less drag* than a fat one as it travels up through the Earth’s
atmosphere, so the tanks must take up as little sideways space
as possible’. To save unnecessary weight, the tank sides have
to be very thin. This means that a strong material is required.

Some types of tank are built separately and then fitted
into the rocket tube®. Another kind is built as part of the
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main structure, the sides of the rocket’ actually forming part
of the tank. This design saves weight because the one section
of material does two jobs. Tanks are sometimes made to
fit round the outside of the rocket so that they can be jettisoned®
when they are empty and their useless weight does not have
to be carried any higher than necessary.

-
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An illustration of 2 Rombus rocket®with jettizonable tanks,
and a diagram of a fuel tank fitted into a rocket tube
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Types of Propellent

Every internal combustion engine needs oxygen to ignite
.the fuel® which provides the power. Motor car and aeroplane
engines operate in the atmosphere from which their oxygen
supply is drawn, but rockets travel above the atmosphere,
where no oxygen exists and they must therefore carry their
own supply with them.

Most large rockets are of the bi-propellent type?. This
means that they employ two separate fluids, each stored in
a different tank. One of the fluids is an oxidant*which provides
the source of oxygen the fuel needs to make it burn. The
other fluid is the fuel itself which burns in the oxygen and releases
energy in the form of hot gases which-flow at high speed from
the combustion chamber. (Remember our open-ended con-
tainer on page 6.)

The oxidant is usually carried in the form of iiquid oxygen,
nitric acid or hydrogen peroxide.* i.iquid oxygenis an obvious
choice but the other two fluids also have a high oxygen content.

The fuel must burn efficiently to provide the highest pos-
sible exhaust velocity®, because the speed at which the exhaust
gases leave the combustion chamber determines the rocket’s

upward thrust. The more efficient the burning, or combustion,
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the greater the exhaust velocity, and the greater the thrust.®
Kerosene (paraffin)? is the most commonly used fuel at present.
but the lighter and more energetic liquid hydrogen® is gradually
replacing it.

Solid fuels are sometimes used. These have the ability
10 be stored, without evaporating, but are not quite so powerful.

,Oxidant..'z
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The Propellent Pumps

From the previous chapter we know that most large rockets
use two liquid propellents, each stored in a separate tank.
But before the rocket can function, these propellents have
to be fed into the combustion chamber and ignited.

The first items in the fuel feed system are the pumps. These
are located below the tanks and their job is to pump the pro-
pellents from the tanks, through control valves and injectors,}
into the combustion chamber. A4 pump consists of a bladed
wheel, known as a turbine, which is driven by chemically-pro-
duced, high-temperature steam.® It is mounted between two turbo-
impellers. These are metal discs fitted with blades or vanes.?
We have all swished water round the bath with our hands
to get the hot or cold water circulating quickly. When we
do this, our hands are acting as impellers.

The steam is directed at the turbine blades, thus causing
the turbine wheel to revolve. This in turn rotates the impellers.*
As they rotate they draw the two propellents from the tanks
and push them along pipes towards the combustion chamber.
One of the impellers pumps the oxidant while the other pumps
the fuel. Great care must be taken to ensure that the two
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