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Information on Rockets

Much of the material in this presentation Is
courtesy of the National Aeronautics and Space
Administration, United States of America.

Go to their websitewww.nasa.gowvhere they
have some great information for students!
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http://www.nasa.gov/

Engineering a Rocket

A Today we will explore the science, engineering, and
technology of rocketry.

A You will experience thengineering processy
designingbuilding andlaunchinga model rocket!

A You will learn tawork togetheras a team!

A So, how does a really bad and a really great rocket fly~

[ SGQa 3I2 2dzia.



History of Rockets

Al SN2 Qa syaxyé C /i
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Sir Isaac Newton
&

The Laws of Motion

A English scientist in physics,
mathematics, and astronomy,
16431727.

A One of the most influential
people in human history.

Sir Isaac Newton summarized how objects
moveg A UK UGKNBS &aAYLI S
calledb S ¢ G 2 Y (aad tHey apply to
everything in the world around us!




bSgi2yQa CANAI

A Obijects atrest remain at rest, and objects imotion
remain in motion in a straight line,
unless acted upon by aunbalanced net force

A AForceis a push or pull exerted on an object
A Net Forceis the sum of all forces acting on an object:

gy

Unbalanced force

Balanced
forces S
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b S ¢ 0 2syL@aApplied to Rockets

A A rocket at rest will stay at rest until a force is
applied to move It upward.

A The upward force called thrust must exceed
the downward pull of gravity (weight).

T Thrust
T Resultant force = Thrust - Weight

lWeight




" bSglzzyQa {SO2VyR

Forceequalsmasstimes acceleration F = M« a

A Forceis a push or pull
exerted on an object.

A Massis the amount of
matter in an object.

A Massis not weight, mass is the same no
matter where an object is!

A Acceleratioris achangein motion,
l.e. Increasing speed or changing direction.




Mass vs. Weight

O NIKQa AN gAGe Aa G§KS Ll

A Weightis the gravity brce, gy
W=m-g 5 A

?33 Mass = 100kg
V4

. Weight = 980N
A At sea level: acceleration - ]
due to gravity @) is 9.807 s
meters/second/second a R B Mass = 100kg

v

constant! A o d § Weight = 1622N |

A Weight (inNewtong =
mass- 9.807

A Weightvaries depending on
the gravity force, thanass
of an object is always the
same!




Acceleration

Acceleration is a&hangein velocity over time:

I'm an-neleratlng because
I'm speeding up.

"'-.—-__1"""--_.-—
I'm accelerating because
I'm slowing down.
e
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Problem: A car starts from a stop and gets to 60 miles/hour
In 5 seconds. How fast is the car accelerating?

Hint: How fast is the car going after 1 second?

2 3 4
Time-seconds
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Problem: A car starts from a stop and gets to 60 miles/hour
In 5 seconds. How fast is the car accelerating?

Hint: How fast is the car going after 1 second?

Acceleration = 12 miles/hour/second

2 3 4
Time-seconds
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The Force Equation

A Force = massacceleration:

or
acceleration = Force/mass

ﬂ

[]

A Thus, acceleration of an object is:
I directly proportionalto the net force applied and
I Inversely proportionalto its mass.




bSgizyQs {SO2y
applied to Rockets: = —

m
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bSé6i2yQa ¢ KANJ

For every action there is an equal and opposite reaction

m = Cannon

A An action is the result of a force, e.g., a cannon fires and a
cannon ball flies through the air. The movement of the cannon
ball is amaction.

A A reaction is related to an action,
l.e. the cannon moves backward in
reactionto the cannon ball moving
forward.

A Actions and reactions happen
simultaneously.




Rocket weight vs. engine thrust

A A Rocket is pulled towards the earth by Gravit

A It is pushed upward by the expanding gases
from the nozzle, in our case by the water/air

leaving the nozzle.
A x]
A thrust

pressurized air

pop bottle ——»

_ (Fthrust G |:gravity' |:friction)
rocket mtotal

a

expelled water ———»

11/4/17 V7.0 AZ Science Lab 25



The Three Newton Laws

A All three laws work together for rockets

I Law 1:Thrust force overcomes the gravity forge
unbalanced net force is upward.

I Law 2:How fast a rocket accelerates is directly
proportional to thrust and inversely proportional
to the rocket mass.

I Law 3:The downward force of the engine gases
moves the rocket upward into space.



Rocket Stability

A The stability of the rocket in flight depends on:

I The Center of Gravity of the Rockget
the balance point

I The Center of Pressure of the Rocket
the surface area center

=

o €

11/4/17 V7.0 AZ Science Lab 27




Center of Gravity -

A The center of gravity (CG) is a point
through which theentire weight of an
object appears to act.

Attt 27 KS 202S00Q
CG point

A The CG is the point about which an
object will rotate.

A For a rocket, engbver-end rotation
about the CG is to be avoided for a
safe, efficient, tumbldree flight.
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Center of Gravity, (Center of Mass)

All objects have a Center of Gravity

Where is the center of gravity in each of these examples?
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Aerodynamic Forces

A Aerodynamic forces act through the
éCenterof Pressuee 2 F (0 KS NZ O]

AGenerated by the nose cone, body, and
fins of the rocket.

ABased on surface area and location of
each component.

AAir moves acrosall of the surfaces of
the rocket.

11/4/17 V7.0 AZ Science Lab 30



Center of Pressure

More area to Rocket turns
push against into wind
here

Conter ol Gravily
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Rocket Stability

A To be stable, an unguided rocket with fixed
fins: the CG (center of gravity) must fieove
the CP (center of pressure):

I The CG Is the point where the rocket weight
balances.

I The CP is the point where the aerodynamic
forces balance.

Center of Pressure  Center of Gravity

W




Flight Path /

/
4
/
/
/
/
/
/
/

11/4/17 V7.0

Rocket Stability

Stable Unstable

Flight Path
/ t //*\\
\ ! ]
Yo /

For stable flight, center of gravity must be above
center of pressure

To improve stability, add weight to the nose,
or increase fin area

AZ Science Lab
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Unguided Vehicle Stabillity

Center of Gravity (CG)

Center of Pressure (CP)

CP required to be below CG
for Vehicle Stability!

Fins are used to shift the
CPbelowthe CG, this
Increases the surface
area lower in the rocket!

Thru’
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Rocket Control
Gimbal Mount Exhaust

A In real rockets, complex guidance systems,
gyroscopesand swivel mount nozzles guide the
rocket on its path.
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Gyroscope
A A device for measuring or maintaining its orientation
In space.
A A rptatipg device that exhibits ,the property of
0 S o U2y Qa ¢itddsibtdhiangeslinairection.
A Rocket guidance systems use gyroscopes to monitor
position/direction.
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Gyroscope Demo
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Rifling

A Making helical groves in the barrel of a gun or
rifle iImparts a spin to the bullet around its long
axis.

A The spin creates @yroscopic stiffness
resistance to change in the projectile direction.
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Spinning stability

AFor ungwded rockets and prOJectlles spinni
0KSY IABSa UKSY a3eél

A For our rockets we usited fins to spin the
rocket.

A Like the football, the rocket resists changes
In Its direction.
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Aerodynamic Drag

Air Resistance

A Drag is air (DRAG)

resistance that ﬂﬂﬂ

works against

thrust and will UP
slow down the ﬂ |
rocket. ?ﬁfﬂﬂﬂ)

A Drag must be .
minimized for | lExlT_mG
best rocket \N // (Action)

"R\ Ve
performance.  — |/~~~ DOwN

e o -
Tt =
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Rocket Aerodynamics

C::} =
Y
—/

ol

Wind Direction

Wind Direction

For our bottle rocket, a
paper nose cone like this i
simple and effective:

11/4/17 V7.0

A The shape of an object greatl
affects its air resistance (drag

A A nose cone is very effective
at reducing air resistance.
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Air Flow Reaction to Fairing

- Wind Direction

- Wind Direction
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Air/Water Rocket Launch Setup

Rocket

//,//’

Pressurized Air
Water

Pressure Gage

? Pump

Plume

Launch Tube
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Flight of a Water Rocket

Maximum
Altitude

Drag take over.

4sting

Coasting
Ascent

Powered Low empty weight
Ascent and low drag are Descent
\ crucial in this
phase.

Water is
expelled in the
first second of

flight. A

La.unCh Zi

Recovery
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Slow Motion ASL Rocket Launch
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[ SU Qa ¢RdsKBtAEBgmMeering
Rocket Aerodynamicg TheNose Conereates a smooth airflow at
the front of the rocket.

Stability- Center of Gravity (Cg) must be forward of Center of
PressureCp ¢ useBallast(rocks) in the nose anéins

More aerodynamics; TheFairingreduces turbulence at the rear of
the rocket.

Gyroscopic Stiffness Spinning keeps rocket in straight linese
Tilted Fins.

Propulsiong A combination of water (mass) and pressurized air
(force) overcomes gravity and propels the rocket upward.
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