Water Rocket Requirements

1. Read and familiarize yourself with the
Instructions in the “How to Build a Bottle Rocket”
Slide show. Make sure you go through ALL of
the information. Not just the part on how to build
It.

e 2. Find the Rocket Simulator on the website and
familiarize yourself with how to use it. Make sure
you are using the Water Mode. Located in Media
Library—Student Stuff—Water Rockets—Water
Rocker Simulator—RocketModeler.

o 3. Start bringing in the materials you will need for
your rocket. (Wings, nose cone, body, payload
etc.)



Water Rocket Requirements

. Make your Rocket Plans.

1. Fill out the “Water Rocket Plan”. It is on slide 25 of this power point. (Copy
and Paste it into your Power Point)

. Test your Rocket in the Rocket Simulator. Located in Media
Library—Student Stuff—Water Rockets—Water Rocker Simulator—
RocketModeler. Use the Water Rocket Simulator Power point to help
you understand the program.

. Include the results of your Simulation in your power point. Use the
print screen function to show how you used it and the results as part of
your power point presentation.

. Redesign based on your tests.



Water Rocket Requirements (Cont.)

Gather your materials.

Build your Rocket.
1. It must be decorated in a professional looking manner.
2. 'You must have a pattern for the wings.
3. You must have a plan for the wing alignment and
spacing.
4. Make a cardboard cut-out and test the COG and COD.
Test Flights- One test flight per rocket.
Rebuild- Redesign or reconfigure.

Final Tests-Time in the air will be the determining
factor.






CENTER OF GRAVITY-Where actual
Rocket balances

CENTER OF DRAG-Where cardboard
Cutout balances



Power Point
— A labeled picture of your rocket with the components and
the function of each.

e Nose Cone
 Payload-Lunar Module
* Body-Propulsion Chamber
* Wings
* Nozzle
— Why did you design your rocket like you did?
— Results of your Simulation
— What factors effect the flight of the Rocket and how?
— Label the materials used and why it was or was not effective.

— You may use any part of this power point in your
presentation.




How to Build a Water Bottle
Rocket

Science
Fall 2006



Materials

2 Two-Liter Bottles
Newspaper (Ballast)
Foam Tray (Fins)
Paper (Nose Cone)
Tape

Scissors

Marker



Parts of Rocket

e Nose Cone- For
aerodynamic effect

» Ballast adds mass to
rocket to increase stability.

* Fins- For aerodynamic
effect

e Pressure vessel- source of
rocket propulsion




Rocket Body

Step 1)

Cut the bottom portion
of one of the two liter
bottles off.




Rocket Body: Ballast

Step 2)
Roll up newspaper in balls and place in top half of two liter
bottle.

- You can use other items as ballast such as: Sand, Foam
peanuts, etc.



Rocket Body (cont.)

Step 3)
Push bottom half of two
liter bottle upside

down into top half - to
keep ballast in place.

Use small pieces of tape
to secure bottom piece
Inside bottle.




Rocket Body (cont.)

Step 4)
Place two liter bottle (pressure vessel) into top half. Try to

make bottles straight. Use little pieces of tape to secure
bottles.



Materials for Fins

e Foam trays

e Unused election signs
(Only after election is
over)

e Cardboard
e Corrugated Plastic




FIns

Step 5)
Use marker and draw fin patterns on foam trays.



Fins (cont.)

Step 6)
Cut fins out.

Note:

(a) If leave sides of tray
attached to fins — will

allow rocket to spin in
flight.




Fins (cont.)

Step 7)

Attach fins to rocket
using small pieces of
tape.




Nose Cone: Materials

e YOu can use many
materials to make a nose
cone.

 Itis against the rules to
have a point on your nose
cone. The tip most be
rounded. To create a
rounded tip you can use an
egg carton or a plastic egg
shell.




Nose Cone

Step 8)

Roll paper into a cone.
Use tape to hold paper
In place. Place plastic
egg shell on the cone
as tip. Use tape to
fasten tip to cone.




Nose Cone (cont.)

Step 9)

Fasten nose cone to body
with tape.




Measure

Step 10)

Measure parts of your rocket to make sure they are equally
spaced.



Decorating

e You may decorate
with stickers, your
patch design, etc.

e The bottom half of
your rocket must
remain clear of any

palnt or decoration.

 FiIns cannot extend
nast bottom half.




TIps

Lengthening the rocket adds stability
Experiment with different fin shapes

Try different body shapes

Try to make body smooth (no kinks with tape).

Do not use hot glue gun to fasten parts of your
rocket together.

Use small pieces of tape (incase you mess up you
can easily remove It).

Do not leave two liter bottles in hot car.



Components of a Rocket
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Water Rockets - The Parts

Water rockets consist of the following
parts:

Mose Cone - an extension of the bottle
that comes in a variety of shapes and

is used to improve the asrodynamics
of the rocket.

Payload section - an optional section
that could hold a parachute or a
payload.

Body - a 2 liter soda or pop bottle that
serves as the propusion compartment
or "engine” of the water rocket.

Mozzle - a part that fits into the bottle
opening to help in the propulsion of
the rocket and provides a mounting
point for launchers.

Fins - a part that helps to stabilize the
water rocket.

PAYLOAD
(Optional)

2L BODY
(Propulsion)

NOZLLE

FINS




Parameters to Example Water Rocket
Consider

Nbae MNozzle
Trimmed Ofi Ball for Nose Mass
» Smooth Hall-Bottle =~~~ -~
» Streamlined
- Hugged Top RHalf-Bottle
« Optimal Mass ”'/'
Clear Package
Body _— Tape Splice
» Smooth CM —3
» Holds Pressure E Hot Glue
" i 0
, Optimal Length c | E Attachment
Fins G5
» Smooth and Thin .E '
» Light & Stiff CFP
» Optimal Shape & _ Foam Sheet
Stability -~ Fins
» High Center of Mass (CM) T

» Low Center of Pressure (CP)
 Use of Launch Tube

Copyright © 2003 by Seeds Soltware All Righls Reserved



Water Rocket Plan ~ Name

What will you use to hold the parts together?

Name of Component Materials Used

A <«

<

R BALLAST

v

<




Rocket Components

Rocket

/

Prassurized Air
Water

Pressure Gage

? Pump

Plume

Launch Tube



Center of Gravity/Center of Drag
Stability

This kit 15 the same az in the [ litre ‘Rgglafter' rocket sa, apart from the fact that this rocket requries 20 pence (70 grammes) i
the nose, you can fix the weight in place and then skip anto the next part - Water

Ideally, you want the thing to fly straight as any deviation from this will reduce the rocket's performance. Once the thrust phase of the flight 13
out of the way, the rocket 12 essentially i free fall (even thaugh the firsf part af this free fall iz upwards). For tt to matntat s atttude i
the atr, there are a few things that vou will need to consider: the postions of the effective centre of drag (COD) and the centre of gravity

(COG). With a small rocket such as a water rocket, 15 fairly easy to find out where they are but you also need to know what to do with
ther. First, how to find them

To find the COG, try to balance the rocket on s side so that you find a pomt that 15 reasonably stable. The COG 15 above this, on the ams of
the rocket as in the diagram. (JFf is nof on the axis, you have a prablam)

To find the COD, cut out a piece of cardboard the same shape as your rocket as wewed from the side and find ts centre of gravity (3 need
nat be the same size as the real rocket as long as it is fo scale and that you remember to scale it back when you have found if). The
centre of gravity of the cardboard model corresponds to the centre of drag.

Once you have put your fing on (whieh you should have done before you started frying fo find the COD), the COD 15 gomg to remain
almost i the same postiion, no matter what you are going to do with the rocket (within reason) wheras the COG may be moved by adding
weight to the rocket. Ideally, the rocket should weigh as lttle as possible so you want to add only the barest mintrum of extra weight



COG/COD Continued

o0 where does the COG want to be! The COG needs to be between 1 and 2 rocket body
drameters (d) forward of the COD - m free fhght, the COG eftectwely pulls the rocket
forwards and the COD pulls  back - f they are between 1 and 2 rocket body diameters
apart, they are able to exert enough of a couple (@ couple is & pair of equal and apposte

0 D . »
COG COD Jorcas that do not share the same axis and therafors tend to have a bwisting affect) to
cotrect the rocket's atttude curng fhght

To move the COG forwards, make a mark with a pen o the rocket where the COG needs

to be and then tape coms to the front of the rocket (af pomst w). Once you have found out
how matty you tieed, you can make a neat job of t with tape (or giue) so that the aerodynarnic qualibes that you have devoted so mch of
your e to are fot lost

[tound that for the 4 bire bottle combmation that [ chd this to, Ineeded 10 % 2p peces. (4 UK 2 pence piece weighs approximately 7
SPAMES OF % ouncs)



Water Amount

We niow have a water rocket that 15 aerodynarnically sound. We ktow that we will be able to pump it up to a pressure of between 4 and 6
Bat(s (hetween 60 and 00 psig) and we can measure . 5o, how do we know how much water to put i 17

We nieed to know its tare weight, volume, diamneter and nozzle dimensions to be able to work out how tmuch water t will need for a flight
with the greatest hegght,

We cat measure its nozzle, body diatneter and weight it empty to get tts tare weight but we have changed itz volume so we don't know that
any tnore - the volume of houd 1 had when you bought it was not the same as tts nomnal volume ether and m addimon, there has to be a
cettain atnount of ullage (read space) so as to take mto account the expanston of the bowd when it gets hot so that the bottle doesn't burst m
the shop. All we can do 12 measure it and the best way to do that 15 as follows.

Weigh the rocket empty (vase will need this far the computer modal amrway). Fill t to the top with water and wetgh it again. Take the
former from the latter and you have your volume (close enaugh) as, for the purposes of water rocketry, 1 gramme ecquals 1 o’

These figures were then fed mto my computer model and the weights m the table below were calculated to be the optinum for the pressure
range.

To put themn into practice, put a piece of gaffer tape along the side of the rocket and weigh m the optirum amount of water. Mark on the
gaffer tape where the water comes to, screw a top on, tivert if and make another mark (in such a way that you will nat be confused -
possibly using an arrow pointing upwards). This will make bfe eastier when i the feld and you haven't got access to the scales.

It your rockets have tare weights of capactties that are different to these, you can use the above graph to work out roughly the nght weight of
water optirused for height - this assumnes that the rocket capactty and diarneter are roughly m proportion.



Nose Cones

Nose cones, along with fins, are one of the mast critical aerodynamic components of a rocket, & simple paper cane taped
on top of the racket 1s enough to significantly reduce the rocket's coefficient of friction, however more camplex shapes may
be used to further improve a rocket's performance (and some are surprisingly easy to make), There are three commaon
shapes used far nose cones: conical, ogive and parabalic, as shawn in the diagram below,

\

conical  ogive parabolic

A common misconception is that the maost aerodynamis is the conical shaped nose cone, This probably comes from the fact
that frequently space-going vehicles have nose canes this shape (for example the space shuttle's solid rocket boosters),
However this shape 15 only suitable for supersonic flights {above the speed of sound), For water rockets, which only
achieve a speed of about 1/4 to 1/3 the speed of sound, a parabolic shape turns out to be the most efficient, Similarly,
vou aften see model rockets (the pyrotechnic type) with parabolic nose cones as well, Several methods exist to construct
nose canes of this shape, The simplest and guickest is to use the top of another bottle cut off and taped or glued (or
attached some other way) to the top of the rocket, Anather technique that is used is guppying. This involves heating the
bottom of 3 pressurised bottle <o that it expands into a rounded shape, While this method daoes give very good results, it
takes a lot of practice to get right,
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Nose Cone Template
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