Uncontrolled copy not subject to amendment

Rocketry

O ROYAL - §ﬂ¢
“ 2det

AIRFORCE q')g‘le? generation



1. Introduction

2. Applications of Rockets

3. Principles of Rocket Motors

4. Types of Rocket Motor

5. Rocket Structures and Systems

O RoyAL a g?é

AIRFORCE

e ne)§ generati®n



O ROYAL a g‘*

AIRFORCE q')gve? generation



« 9" Century

— Chinese use gunpowder motors to extend the range
of arrows

* Mongols bring rocket weapons to the west
* Rockets used at siege of Constantinople in 1453
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« Royal Navy fires Congreve’s rockets at Fort McHenry,
Baltimore

— The “rockets’ red glare” in the American National
Anthem

« William Hale improves accuracy by spinning rocket in
1844
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* The control and guidance of rockets improved by new
technologies:

— Liquid and gaseous propellants

— Gyroscopic guidance
 Liquid & gaseous propellants allowed control over the
thrust of a rocket
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The 4 founders of modern
Rocketry:

Tsiolkovsky Goddard
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e Konstantin Tsiolkovsky established the principles for
high powered, multi staged, rockets in Russia

 Robert Goddard built and launched the first liquid
fuelled rockets and developed many of the ideas used in
modern rocketry

e Hermann Oberth developed the basic mathematics of
rocket propulsion
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« This is the first liquid
fuelled rocket with its
1 creator, Robert Goddard.
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« Von Braun developed the
V2 rocket for the
Germans
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» After WW2 Russia and America developed
Intercontinental Ballistic Missiles (ICBM) to deliver
nuclear weapons into each other’s territory.

* |In October 1957 Russian scientist called Sergei
Korolyov used one of his R-7 ballistic missiles to launch
the first satellite, Sputnik.

« On 12" April 1961 a Russian pilot, Yuri Gagarin,
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« On 25" May 1961 The American president, John F
Kennedy, committed America to land a man on the Moon

* A new and larger rocket was needed, and Von Braun
developed the largest rocket ever built: the Saturn V

 on 20" July 1969 when Neil Armstrong and Buzz
Aldrin walked on the moon
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 The Saturn 5 is the biggest
rocket ever made:

— over 110 meters tall
— weight over 3 million

kilogrammes
— over 6 million components
« The world’s largest building

icture courtesy of NASA
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« Spaceflight has many scientific and technical
applications:

— Iinternational communications

— the Global Positioning System (GPS)
— astronomy
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« Manned spaceflight supporting space stations:
— Skylab (America)
— Salyut (Russia)
— Mir (Russia)
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« Larger rockets built to launch increasingly large

spacecraft:
Atlas (America) Ariane(Europe).
Delta (America) Zenit (Russia)
Titan (America) Cosmos (Russia)
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* Rockets are vehicles, and like all vehicles they exist to
move things, for example:

— Move a scientific instrument from the ground into the
upper atmosphere

— Take astronauts to space (and back)
— Fire a rescue line between two ships
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* An object carried by a rocket for peaceful purposes is

called the payload

* An object carried for military purposes is called a
warhead

o -3
D ROYAL a g§ﬂt¢

AIRFORCE q‘)&’)@)? generation



Military rockets and missiles
Rocket cars

Rocket Planes

Flares

Space flight

O RoyAL a g?ﬂé

AIRFORCE

e ne)§ generati®n



» Military rockets are unguided weapons

— they have no ability to steer themselves towards a
target

— Suitable for static or slow moving targets
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« Missiles are guided weapons

— they have the ability to change direction
— they follow instructions to help them to hit the target

— Radar, TV, heat sensors are used to locate and home
onto targets
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Military Rockets and Missiles

Range
Up to 200 miles
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Active Homing

Active Homing
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Passive Homing

Passive Homing
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e Surface to Air Missile (SAM). Launched from the
ground or ships to attack aircratft.

e Air to Surface Missile (ASM). Launched from aircraft to
attack targets on the ground.

e Surface to Surface Missile (SSM). Launched from the
ground to attack targets on the ground.
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e Anti Tank Missile. Launched from the surface with a

warhead specifically designed to penetrate the armour of
tanks.

e Anti Shipping Missile. launched from the surface,
ships or aircraft to attack ships.

e Ballistic Missile. Launched from the surface to carry
nuclear or conventional warheads to surface targets.
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e Anti Shipping Missile. launched from the surface,
ships or aircraft to attack ships.

e Ballistic Missile. Launched from the surface to carry
nuclear or conventional warheads to surface targets.
ballistic missiles capable of travelling great distances are
called Intercontinental Ballistic Missiles (ICBM)

o Anti Ballistic Missile. Surface launched missiles
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« The first recorded rocket car
was the RAK-1 made by Fritz
Opel in 1928 as a publicity
stunt. The car achieved a top
speed of 47 mph.
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* Rocket sleds are similar to rocket trains as they both run
along a track.

* They're used for testing:
— experimental equipment on the ground
— ejector seats
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» Rocket planes offer very high
speed but are much less
efficient than jet aircraft.
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« The X-15 was the first aircraft
to fly into space

* Only three X-15 aircraft were
B made, and one was lost in a
crash

Picture courtesy of NASA
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* Rocket planes are used at
experimental test venhicles.

 The US Government has built
a succession of experimental
rocket powered aircraft called
the “X Planes”

The first aircraft to break the

)
ROYAL a g?ﬂé

AIRFORCE e ne)§ generation




* Rocket powered flares have may uses:

— A red flare launched from a ship or small boat is an
iInternationally recognised distress signal

— Trip flares are used by the military to provide early
warning of enemy approaches

 The flare is boosted by a rocket motor and desc ends
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Canard Hydrogen
Foreplanes Tank

) REACTION ENGINES LIMITED
s
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Auxiliary
Propellant
Tankage

Oxygen Payload Sabre
Tank Container Engine
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 Ejector seats are installed in
many in military aircraft to
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It is impractical to install
individual ejector seats into
space capsules, so an
alternative system is used for
manned space missions.

To prevent setting fire to the
capsule the escape system

Picture courtesy of NASA
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« Space begins at the Karman Line at an altitude of 100
km (62.1 miles) above sea level.

At this altitude there is no useable atmosphere so:

— Air breathing propulsion such as jets and internal
combustion engines will not work

— Aircraft have no atmosphere to develop lift from their
wings
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* Rockets have been used for every type of space
mission:
— launching satellites
— manned space flight
— sending probes to other planets
— exploration of the upper atmosphere
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Rocket belts are a type of
personal flying machine.

The limitation of rocket belts is
that the pilot can only carry a
small amount of propellant,
typically enough for only 10 to
30 seconds flight

Rocket belts have found a
practical use in the
weightlessness of space.
NASA’s Man Manouvering Unit
(MMU) is a practical rocket belt
that has seen extensive use on
space shuttle missions.
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« Rocket motors are an example of Newton’s third law in
practice:

— “To every action there is an equal and opposite
reaction”

 For example: stand on a skateboard and throw a ball.
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Action and Reaction

Action and Reaction

Action: The bullet travels in one direction

Reaction: The rifle recoils in the opposite direction
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« The mass of the bullet multiplied by its velocity is
called the momentum of the bullet.

« This equation tells us that the momentum of the rifle
is the same as the momentum of the bullet, but in the
opposite direction.
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 So what has this to do with rockets?

* Imagine that a rocket motors ejects a mass of m of gas
every second at a velocity v
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A Balloon “Rocket”

Compressed Gas

Reaction

c:lThe balloon moves in Air leaves the balloon
the opposite direction at high velocity
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« Balloons are very inefficient as rocket motors
— They run out of gas very quickly

— They don’t provide much “action” (called “thrust” by
rocket scientists)

« We can improve performance by:
— Having a continuous supply of gas to provide thrust
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 We can create hot gas inside the rocket motor by
burning two chemicals:

— a fuel, called a “propellant”
— an “oxidiser”

* We burn them inside a “combustion chamber” to produce
gas at very high pressure
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Motor Principles

Combustion ,
chamber Throat Exhaust gas

.
Oxidiser
Nozzle
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 Gustav de Laval's nozzle
— discovered by de Laval in 1897 in Sweden
« (Gas can be accelerated to high velocities if:
— the gas travels at exactly Mach 1 through the throat

— A bell shaped nozzle allows the gas to expand in a
controlled manner
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Motor Principles

Nozzle
Exit

Nozzle
W

] chamber Throat Exhaust Plume

Atmosphere

Pressure

Velocity

Atmospheric
Pressure

Throat
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A Real Rocket Motor

e Gimbal

Combustion
~4—— chamber

Picture courtesy of EADS Astrium
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Motor Principles

Nozzle
Exit

_W

Atmosphere

] chamber Throat Exhaust Plume

ey -
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Motor Principles

Atmosphere

Ideal conditions:

Nozzle pressure = Atmospheric pressure Combustion
I chamber  Throat Exhaust Plume
(Correctly expanded)
Nozzle
Separation
point
Low altitude:
1 Combusti
Nozzle pressure > Atmospheric pressure I R e Over sxpendad

(over expanded)

Nozzle

High altitude:
Nozzle pressure < Atmospheric pressure
(under expanded)

Under expanded

exhaust plume

Combustion
I chamber Throat
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Motor Principles
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Courtesy of the Westcott History Group
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Click here to show movie!
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The amount of “push” produced by a rocket motor is called its “thrust”.

Thrust is a force, and it can be calculated from the equation:

F=myv
e
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* |t can be seen that thrust can be increased by changing
two parameters:

* Increase the mass flow rate:

— burn more propellant and oxidiser in the combustion
chamber every second
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* We can improve the efficiency of a rocket motor by using
different propellants

« We can compare the performance of a rocket by
determining how much thrust can be obtained in 1
second by burning 1 kg of propellant

« We call this measure of performance the “specific
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Rocket Motor Performance

Propellant Specific Impulse Comments

Black Powder (BP) 40 s Used in model rocket motors and fireworks

Ammonium percholorate composite 150 s Used in solid rocket boosters and high power

propellant (APCP) model rocket motors
Hydrazine (monopropellant) 220's

RP-1 and Liquid Oxygen (LOX) 370 s Very widely used in launch vehicles. RP-1 is a
form of pure kerosene.

O RoyAL air

AIRFORCE %8%)? generation




O ROYAL a g’*

AIRFORCE q’)&@? generati®on



Types of Rocket Motor

Rocket Motors

I—|—|

lon Thrusters Chemical Nuclear
motors motors

ﬁ—r_l_r—v—\

Liquid Hybrid Coldgas  Bi-propellant  nponopropellant
propellant motors motors (hypergolic) engines
motors engines engines

« Rocket motors can be classified into many types.

« Rocket propulsion systems that have moving parts, for
example pumps and turbines, are called engines.

* Propulsion systems without moving parts are called motors.
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Compressed
Gas Tank

* The cold gas motor is the simplest form of rocket propulsion

« When thrust is needed a valve is opened.

« The gas escapes through a nozzle where it is accelerated.

« Cold gas motors are used in NASA's Man Manoeuvring Unit

(MMU)
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« Safe

« Useful where small amounts
of thrust are needed for
short periods of time.
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Monopropellant

Propellant
Tank

Yo

 Monopropellant engines use a single chemical that
spontaneously ignites in the presence of a catalyst.

« Some monopropellants can reach full operating temperature
and pressure in 1/100 of a second or less, which makes them
useful in applications where a short burst of thrust is

required.
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Monopropellant

 Hydrogen peroxide and hydrazine are two common
monopropellants.

« Very pure hydrogen peroxide, sometimes referred to
as high test peroxide (HTP), is very unstable. When it
comes into contact with a platinum catalyst it
spontaneously decomposes to water and oxygen,
releasing a lot of heat and creating superheated
steam and oxygen.

» Hydrazine decomposes into ammonia, nitrogen and
hydrogen at about 800°C when it comes into contact
with a platinum catalyst
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impulse transport and store.

* Quick response
« Easy to control
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Bipropellant

Nozzle

» Bi-propellant engines are a form of liquid propellant engine
which require no ignition system.

« They use two chemical reagents which spontaneously ignite
as soon as they come into contact with each other and
release a lot of heat.

* Chemical reactions which spontaneously ignite are called

hypergolic.
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liquids, and react strongly.

 Bi-propellant engines based on these two chemicals
are commonly used in satellites and deep space
probes.
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« Well proven technology
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Solid Motors

Igniter Propellant grain

« Solid propellant motors are the most common type of rocket motor

« When the igniter fires it sets fire to the surface of the
propellant. The hot gas from this combustion fills the hollow
core of the motor and rushes out through the throat and
nozzle.

» The propellant burns outwards from the core to the case until
it has all been consumed, often referred to as burn out.
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S UIESIES

- launch vehicles
- model rockets
- safety systems
- ejector seats

- flares

— fireworks
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Solid Motors

Motor case Core burning
propellant

Combustion
chamber

« The propellant fills a metal case which serves as a combustion
chamber.

+ This motor is called a core burning motor as, after ignition, the
hollow core of the motor burns outwards towards the walls of

the case
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- Black powder

- Ammonium perchlorate composite propellant
(APCP)
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Solid Motors

+ If we had a transparent case we
would see the propellant burn
from the core outwards

« As the propellant burns from the
core outwards, the burning
surface area increases. The motor

- Propellant

thus produces more gas per
second.

* As more gas is produced the mass
flow rate increases, so the thrust
increases with time.

» This is called a progressive burn
as thrust increases with time.
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Solid Motors

« Rocket motor designers design the shape of the propellant to give
specific thrust profiles.

« By changing the shape of the propellant inside the case it is
possible to create motors with thrust profiles that

* increase with time (progressive)
« remain constant with time (neutral)
« decrease with time (regressive).
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Propellant is relatively safe to extinguished.

store and transport
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Liquid & Gas Engines

Exhaust
EI P Lox .

| | Low Pressure (LP)
" High Pressure (HP)

Combustion products

HP Fuel

{Ees Combustion

LP Fuel

+ Liquid & gas rocket engines are very complex.

« Fuel and an oxidiser, usually liquid oxygen (LOX) are burned in a
combustion chamber to generate very high temperature exhaust

g4dSes.
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up to 400 seconds.

« They can have very high thrust.
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« expensive to design and
manufacture

O ROYAL a gﬁﬂ;i

AIRFORCE q’)gve? generati®on



Liquid & Gas Engines

Exhaust

‘ | Low Pressure (LP)
|| High Pressure (HP)

Combustion products

Throat

iF‘ Injectors C;’:ﬂ:ﬁg‘:n
(T '
LP Fuel ‘

* Fuel and LOX are pumped into the combustion chamber at high

pressure.
« Specially designed injectors mix the fuel and LOX to ensure that

all the fuel is burned

[}

O royAL ir 2
AIRFORCE 2ddet

e nek?c’ generation




Liquid & Gas Engines

Exhaust

‘ | Low Pressure (LP)
" High Pressure (HP)

Combustion products

. :
i

i Injectors

Combustion
chamber Throat

LP Fuel

« Some of the fuel and LOX are used to power a turbine which
drives the pumps.

« The waste gases from the turbine are at low temperature and
are not used for propulsion.
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Liquid & Gas Engines

» Vulcain rocket engine from EADS

« The injector assembly (A) sprays
the fuels and LOX into the
chamber to ensure that itis
thoroughly mixed before
combustion

» The bottom of the combustion
chamber and throat (B) are very
precisely manufactured to ensure
the smooth flow of gas through
the throat

« The combustion chamber is
surrounded by the pumps, turbine
and valves for feeding fuel and
LOX to the injectors.
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"’/“” Jeph &)
.} ’13‘1 s;.ﬂ-

wll'ﬂﬂ]l ‘H 0 ‘ » This shows the injector at the
g ol top, combustion chamber

and throat.
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Liquid & Gas Engines

Exhaust

‘ | Low Pressure (LP)

" High Pressure (HP)

Combustion products

Combustion

i Injectors Chambar Throat

LP Fuel

« The exhaust gases in the combustion chamber, throat and
nozzle achieve temperatures of over 2000°C.

« This is hot enough to melt the steel from which the walls of the
engine are made.

« The walls of the injector and combustion chamber are cooled by
spraying a thin film of cool fuel on the walls of the chamber,
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Liquid & Gas Engines

‘ I Low Pressure (LP)

, || High Pressure (HP)
Turbine

Combustion products

- Exhaust products

74

’ Combustion
Injectors chamber Throat Nozzle

« To prevent the throat and nozzle from melting cold, high
pressure, fuel is pumped through narrow pipes to cool the steel.

» This is called “regenerative cooling”
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The picture on the right shows the
fine mesh of cooling tubes for
regenerative cooling of a nozzle.

« Each tube has to be accurately
positioned and perfectly welded
to prevent a catastrophic leak of
hot fuel.

O RoyAL
AIRFORCE

WSy SAv3 Jo AS8pnoo sainyol

alfy

e

e ne

t

)? generati®on



Liquid & Gas Engines

| l Low Pressure (LP)

“ High Pressure (HP)
Turbine

LP Lox I fl
w

E—
LP Fuel

Combustion products

i \ . Exhaust products

HP Fuel

r . L Combustion
Injectors
' k chamber it Nozzle

« Another technique for cooling the nozzle is to inject the used
gases from the turbine.

« These form a thin film of (relatively) cool gas between the nozzle
walls and the exhaust gas, preventing the nozzle wall from
melting.

« This is called “film cooling”, sometimes called “curtain cooling”.
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Liquid & Gas Engines

‘ | Low Pressure (LP)
“ High Pressure (HP)
Turbine
Combustion products

[ Exhaust products

Combustion

I
[}
i
I
chamber Throat E Nozzle
|
|
|
|

HP Fuel

« Some rocket engines use both regenerative cooling and curtain
cooling.

- The F-1 engine, used on the Saturn 5 rocket, used both regenerative
and curtain cooling to protect its very long nozzle.
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Liquid & Gas Engines

 The F-1 rocket engine is the most
powerful rocket engine ever built. s

|t was cooled using regenerative
cooling in the upper nozzle and
curtain cooling in the lower
nozzle.
Regenerative

« The regenerative cooling used a el
grid of pipes which surrounded
the upper nozzle.

« The gases for curtain cooling were |iliess
introduced from the turbine
exhaust, which was wrapped
around the lower nozzle.
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Liquid & Gas Engines

« The fuel and oxidizer are stored in
tanks inside the rocket body.

« Tanks are pressurized with an
inert gas to force the fuel and =
oxidizer towards the engine.

« This arrangement is called a

“blowdown” system. Bl

» “Inert” means that the gas will not
chemically react with the fuel or

oxidiser.
« Helium is often used as the inert

gas.
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Liquid & Gas Engines

« The fuel and propellant tanks
are normally stacked one
above the other.

« The chemical from the upper
tank needs to be fed to the

AR motor. In some rockets the

pipe it external to the rocket.

To save weight some rockets
iernal use one large tank which is
e divided by a bulkhead. The
pipe from the upper tank is
routed through the lower
tank.

External
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Hybrid Motors

Solid propellant

Liquid Oxidiser Combustion chamber

i Solid propellant -

« Hybrid motors burn a solid propellant in a gaseous oxidiser. They
are this a hybrid of a solid motor and a liquid/gas motor.

« The valve lets the oxidiser into the combustion chamber where
it is ignited.

« The solid propellant will burn while the gas is flowing, but will
stop when the valve closes.
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or any material that can burn at a high temperature
and produce gas.

» Plastics are commonly used as the propellant as they
are intrinsically safe to manufacture and store.

» LOX or Nitrous Oxide are commonly used as the

gaseous oxidiser.
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« Materials are safe to
manufacture and transport

« Higher specific impulse than
some solid propellant motors
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Electric Propulsion

Magnetic field coil

 lon thrusters use electric and magnetic fields to accelerate gas
ions to very high velocity, typically 30 km per second

 The momentum of the gas ions provides the thrust

O ROYAL ir
AIRFORCE gg%g%)? generation



but the gas has a very high veloaty (30 km/s)

* lon thrusters can only work in the vacuum of space.
They do not work inside the atmosphere.
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manoeuvring thruster for
satellites.

It has a specific impulse
better than 3000 seconds.

The thruster is about 20cm
across
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 Light weight. « Cannot work inside the
atmosphere
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Nuclear Thermal

Nozzle
Nuclear Reactor

P
Propellant
Tank ‘ —
—
—//
*

« Alight gas, ideally hydrogen, is pumped from a storage tank
through a nuclear reactor.

« The reactor heats the gas to a very high temperature, and it
expands through a de-Laval nozzle.
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« There have been experiments to make nuclear
thermal engines, starting with the NERVA programme

in 1947, but these engines have yet to be used in a
rocket.

» The difficulties are not technical but political; no
nation wants nuclear reactors flying over it's territory.
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nuclear reactors.
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Solar Thermal

Solar thermal propulsion focuses the sun'’s rays on a small
chamber through which gas is being pumped.

« The gas is heated to a temperature of 2000°C, which causes it
to expand through a nozzle.
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* |tis suitable to gradually accelerate small objects in
space.

« The technology is currently unproven
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from the sun.
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Sun

« The need for accurate
pointing of the mirror

« This technology has yet to be

tried in space.
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Comparison

Cold gas 0.1 Nto 250N 70 s

Solid propellant 1 N to 12,500,000 N 80 sto250s
Liquid propellant 100 N to 6,600,000 N 200 s to 450 s
Bi-propellant 5N to400 N 250 s to 400 s
Monopropellant 0.5 N to 500 N 150 s to 300 s

Hybrid 10 N to 60,000 N 200 s to 400 s Higher thrust hybrids are
being developed.
Ion thruster 0.02Nto 10N 2500-10000 s

Nuclear Thermal 1,000,000 N 1000 s Unproven technology
Solar Thermal <20N 800 s Unproven technology

AIRFORCE
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Forces on a Rocket

Thrust and drag forces are trying to
“crush” the rocket (a bit like pushing
at opposite ends of a drink can).
The rocket structure has to be
strong enough to withstand these
forces.

Weight HU Thrust
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e Thrust

— Depends on the amount of propellant and oxidiser
that is being burned in the combustion chamber.

+ Weight
— The weight of the empty rocket is called its dry mass

— The total weight is the dry mass plus the weight of the
payload and fuels.
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At lift off the rocket is stationary
— Thrust must be greater than the weight to lift the rocket

— Thrust to weight ratio is about 1.2 to 1.6 for a launch
vehicle

— Drag is zero because the rocket isn't moving
* Once the rocket is moving
— Thrust must be greater than drag plus weight

AIRFORCE
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« Rockets must be light and strong to perform well

« Two standard ratios that are used to asess the strength
and weight of a rocket

— mass ratio. This is defined as the ratio of the rocket
with propellant (the wet mass) to the ratio of the
rocket without propellant (the dry mass)

— propellant mass fraction. This is defined as the

o
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If m, is the initial total mass, including propellant, m_ is the final
total mass, and m, is the mass of propellant, then:

. m
Mass ratio = —

. m
Propellant mass fraction = —»2—
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Rocket Performance

Ariane 5

Space Shuttle

Saturn V

X-15

V2
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* Rockets need to be as light as possible to increase the
thrust to weight ratio
* Rockets need to retain their strength and stiffness
throughout launch and flight
 How do you make a rocket light and strong?
— use lightweight materials
— thicken the outer skin

gg}ﬂé
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* The rocket structure
— Transmits the thrust through the rocket to the payload

— Supports internal components, for example fuel tanks
and electronics

« Structures need to be light
— The motor lifts as little surplus weight as possible

\
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 One common structure attaches all components to a
tubular frame

* The frame comprises
— struts which run the length of the rocket body
— ribs which run around the body

* Motor, tanks and guidance systems are attached to the
frame using support structures
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Rocket Structures

Gimbal

Guidance Compartment for

Hydraulic
System pumps, valves

actuators

Fairing Compariment Support Rocket’s skin Ribs Struts and hydraulics

structures

\ (e iiiilvﬂ'\i’iﬁw
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* An alternative structure uses no frame, just a skin
— Called a monocoque structure

— The rocket is pressurised to make the skin stretch and
stiffen the rocket

* The propellant tanks use the skin of the rocket as their
outer wall

— Helium is pumped into the tank to maintain pressure
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Rocket Structures

Guidance Gimbal
System Rocket's skin Common
Compartment bulkhead Compartment for Hydraulic

pumps, valves actuators
and hydraulics

Payload
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Guidance
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* |n a rocket the roll axis is about the direction of travel,
just like an aircraft.

« ltis difficult to define pitch and yaw axes in a round
bodied rocket or missile.

* Rocket and missile engineers choose these directions
arbitrarily, usually aligning the axes with the direction of
fins or the orientation of any gyroscopes inside the

)
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Guidance
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« The AIM-9 Sidewinder used
two sets of fins to steer the
missile.

* The forward fins controlled
pitch and yaw, and worked in
pairs to steer the missile.

« The aft fins controlled roll using

‘O ROYAL
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Guidance
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» This picture shows the vanes
on the back of a Robert
Goddard rocket from 1935.

« Goddard made his vanes from
metal. Because his rockets
were experimental the engine

only burned for a few seconds.
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Guidance
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Guidance
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Nozzle exit
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Guidance
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« Satellites have revolutionised our lives:
— Television and news broadcast
— Telephone
— Internet access
— Military communications

O ROYAL a g?é

AIRFORCE

e ne)§ generati®n



Many of these satellites need
to maintain a constant position
above the earth.

If a satellite is launched to a
point 36000 km above the
equator it will orbit the earth
once every 24 hours and
appear to be stationary to an
observer on the ground.

This orbit is known as a
geostationary orbit



« Some of these satellites weigh over 10 tonnes.

* |t takes a very large rocket to lift a 10 tonne satellite to
36000 km
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Launch Vehicles

O ROYAL %ﬁﬂ;é

AIRFORCE %&eﬂ’c’ generation



The Ariane 5 is Europe’s main
launch vehicle.

It can lift over 10 tonnes to
geostationary orbit.

The picture shows an Ariane 5
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Launch to Geostationary Orbit

SRB Burn Out
Time = 2 minutes
Altitude = 60 km
Velocity = 2.0 km/s

Edge of the atmosphere

Ignition

Time = 0 minutes
Altitude = 0 km
Velocity = 0 km/s

[}
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Launch to Geostationary Orbit

Fairing Jettisoned

74 s
/ First Stage Burn Out
,"¢ Time = 8 minutes

Altitude = 200 km
Velocity = 6.5 km/s

SRB Burn Qut
Time = 2 minutes
Altitude = 60 km
Velocity = 2.0 km/s

Edge of the atmosphere

Ignition

Time = 0 minutes
Altitude = 0 km
Velocity = 0 km/s

777777
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Launch to Geostationary Orbit

Fairing Jettisoned

Second Stage Burn Out  Velocity = 10.3 km/s
Time = 25 minutes

Altitude = 550 km

Velocity = 9.5 km/s

First Stage Burn Out
Time = 8 minutes

Altitude = 200 km
Velocity = 6.5 km/s

SRB Burn Out
Time = 2 minutes
Altitude = 60 km
Velocity = 2.0 km/s

Edge of the atmosphere

Ignition

Time = 0 minutes
Altitude = 0 km
Velocity = 0 km/s

O RoYAL ir 2
AIRFORCE gg(%g;lé)? generation



Launch to Geostationary Orbit
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Launch to Geostationary Orbit
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Operator

USA
USA
Russia
Europe
Japan
China

USA/Russia

O rROYAL
AIRFORCE

Current Launch Vehicles

Launcher name
Atlas 5

Delta 4

Proton

Ariane 5

H2

Long March

Sea Launch

Payload to GTO Launch sites

(tonnes)

13.0 Cape Canaveral, USA

12.9 Cape Canaveral, USA

6.0 Baikonur, Russia
Kourou, French Guiana
Tanegashima, Japan

Xichang, China

Offshore platform

[}
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odel ROCKets
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the United Kingdom Rocketry Association (UKRA)
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e motors are ignited electrically from a safe
distance

- The rocket deploys a parachute
- Rockets can be flown many times.
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Model Rockets

« The five phases of a model
rocket flight are called

- boost
- coast
- ejection
- descent
- landing.
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Model Rockets

» Boost phase: The motor propels the rocket to its
highest speed.

« Coast: After the motor has burned all its propellant
the rocket continues to move. It coasts upwards,
slowing down due to its weight and drag.

 Ejection: At the highest point of the flight (called the
apogee) a small charge ejects the parachute.

* Descent: The rocket drifts back to earth under its
parachute.

« Landing: The rocket returns safely to earth, ready to
be prepared for another flight.
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Model Rocket Motors

Model rocket motors are similar
to real solid rocket motors

The cardboard motor case

contains the propellant while it T——

burns crerge.

A ceramic nozzle accelerates the ey o conts wi
exhaust gas propeliant _
The motor is ignited by passing an Roted paper

electrical current through the Termials
igniter et

- the current heats the wire

- this ignites the pyrogen which
fires the motor.
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Model Rocket Motors

1. The igniter, held in place by a
plastic plug, causes a flash of heat
which ignites the propellant.

2. The gas from the burning
propellant pushes the igniter and
plug out the nozzle.

3. Hot exhaust gas propels the
rocket until the propellant is all
consumed.

A delay grain creates tracking
smoke while the rocket coasts to
apogee.

A small explosive charge fires
which ejects the parachute.




Model Rocket Motors

+ Model rocket motors are classified |Siiei Propellant
by their impulse 1.26-2.50 Ns BP
* Impulse is the amount of thrust a 2.51-5.00 Ns BP

motor gives (Newtons) multipled 5.01-10.00 Ns BP
by the time for which the motor
provides that thrust (seconds)

10.01-20.00 Ns BP or AP
20.01-40.00 BP or AP
40.01-80.00 AP

- Impulse = thrust x time
80.01-160.00 AP

* Impulse is measured in
Newton-seconds (Ns)

» Motors are given a letter which
reflect their impulse range
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Model Rocket Motors

« A model rocket motor is
specified with a simple code:

- A letter which denotes the
impulse range

- A number which is the
average thrust provided
by the motor (Newtons)

- A second number which is
the coasting delay

B = impulse between 2.5 and 5 Newton-seconds (seconds) before the

ejection charge is fired
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4 = delay of 4 seconds

6 = average thrust of 6 Newtons




- High power rockets (Impulse H and above)
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the propellant

» The picture shows a launch

pad with several low power
rockets

AIRFORCE e4dd.

g?%)? generation




composite propellant (APCP)

« The picture shows medium
powered rocket (scale model
of an AMRAAM missile)
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and powerful motors

Solid propellant motors using
APCP are common.

Hybrid motors are also used

Rockets can fly to altitudes of
over 10,000 ft

Supersonic flights are
common

The picture shows a high
power rocket, over 2m tall,
lifting off for a flight to over
5000 ft

- t
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Model Rocket Design

» The nosecone is the aerodynamic
front part of the rocket

* The body tube is a strong Shock cord
structure which contains the e Parachute /
motor and parachute

Fins ensure that the rocket flies
straight

« The motor hook keeps the motor
in place

» The launch lug is used to hold the
rocket to the launch rod.

« The shock cord holds the
nosecone, parachute and body
together during descent

Launch Lug
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Model Rocket Design

« To prepare a rocket for flight:
- insert some flameproof
wadding in the tube. This

protects the parachute
from the ejection charge.

- Fold the parachute and
pack it into the tube

- Place the nosecone into
the body tube to hold the
parachute in place

O ROYAL gg}ﬂ;i

AIRFORCE %gvek?c’ generation



Model Rocket Design

* It's possible to design your own
rockets using specialist software.

* The software allows you to -
- choose materials, bsEs timav fr—
- design the shape of the rocket

- flight test the rocket with
different motors

» The software produces graphs
and charts to tell you how the
rocket performs

« Some common software packages
are Rocksim, SpaceCad and
OpenRocket
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Getting started

« Squadrons can have their
own rocketry programme

« Squadrons that want to fly
model rockets should read
ACP 20 ACTI 75

* An inexpensive starter kit can
be obtained from your local
model shop

* You local rocketry club would
be happy to help you make
your first launch a success
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