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(Water Boost Rockets)
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gunpowder ignition

valves
rocket
engine
petrol liquid oxygen
supply supply

— asbestos cone to
protect the fuel tanks
from the exhaust gases

cork —
pistons
liquid oxygen tank
alcohol burner
tubes for
the fuel petrol tank
Fs);zfé;rlrlrnsa“on bottle of oxygen,
to keep the two tanks
pressurised
control valve.

'h flexible tube
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* 600 OHBH oBBE® Ow8® (reaction engines) HHEGH.
» 550060 HHOD HEOE.

&0 HOmOe 6O Et o880 8t 088D Fio. ( “eVery
action there Is an equal and opposite reaction™)
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Solid Fuel Rockets
B WD OO

/\ Solid fuel contains
Fuel . fine aluminum powder

Oxidizer : ammonium perchlorate
CROSS-SECTION
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Solid Rocket



Solid-fuel rocket engines have three important
advantages:

> Simplicity
» Low cost

» Safety

They also have two disadvantages:
» Thrust cannot be controlled.
» Once ignited, the engine cannot be stopped.
e Solid-fuel rockets are useful for short-lifetime
(like missiles), or for booster systems.

 When you need to control the engine, you must
use a liquid propellant system.



TO FUEL TANKS

Liquid-Propellant Rockets

e Liquid hydrogen and liquid oxygen - used in the Space

shuttle main engine

s e Gasoline and liquid oxygen - used in Goddard's early
Valves rockets
» Kerosene and liquid oxygen - used on the first stage of
the large saturn V boosters in the Apollo program
Combustion

Chamber  « Alcohol and liquid oxygen - used in the German V2
rockets
* Nitrogen tetroxide/monomethyl hydrazine - used in the

Nozzle Cassini engines



Water Rocket Propulsion
(8@ eO3ed YRILO®)

« Water rockets are propelled vail
by the principle of conservation N

of momentum (mass x velocity)

SR 6OIWIQOD PEONO WIS DOSE
DIBD) 0oS0D HOWO §NO ©O.

* Newton's Third Law, Water
expelled in one direction must =
be balanced by the rocket
accelerating Iin the opposite
direction.
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Thrust (em»og®)
» The strength of a rocket is given by the Thrust.
eI P VRX 6MOERS EEE.

* Rocket thrust depends on both the nozzle size and the air

the pressure.
eOWIPeE eOE® &8 SEEE SBAN® P 0® EMHEEE DLXORK P
oe) 05,

Thrust = 2PA

2
= 2Pﬂ(2j
2

When pressure in (Pa) and diameter in (m), Thrust is (N)




Thrust Duration (em»0e® He®)
* Nozzle size - emmoEed o@gnn
* Water volume - 8@e o@#nn
* Air pressure - e O BN

Longer duration can be achieved
(B8 emOa® MEROS E) @WISHPDD)

e Narrow nozzle - 8 exmonEGS
* More water - &8 &SR RS

» Lower pressure - g8 38w




Drag (®» £6e0idn)
Force of the air resistance on the rocket’s motion

Drag :%[Cd x Axd sz]

coefficient of drag

front area of the rocket - €0 DL®OE®

air density (typically 1.2kg/m?3) - & 550w

velocity - e0w3dged e8®me

‘airflow 0 >
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Aerodynamic Stability
O O HPDHCHIMOD

For a stable flight, the center of gravity (CG) is ahead of the

center of pressure (CP).

BOWORE SNE 8P O® eOIMIEE QOIDND eBHED BR® WD OR)

0®R® B88J0 Gud.

Center of pressure is the point on a body
where the sum of the aerodynamic pressure
acts, causing a force and no movement about
that point.

B0 BNED ©y HCLRHm Oy @5 B
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Center of mass of a system of particles is a
specific point at which, for many purposes, the
system's mass behaves as if it were
concentrated.
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Too far forward

. Rocket balances

Note:
Motor in rocket

Too Far back
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Center of Pressure Center of Pressure
Increasing fin size moves CP back
Added weight

Center of Gravity Center of Gravity

e

Center of Grnwi’r':,.f

Adding weight to the nose, or making the rocket
longer moves the center of gravity forward.




Glenn

Stability of a Model Rocket Research

Center

J Flight Direction Flight Direction

Flight Direction

Displacement

Displacement angle = a

angle = a

¢g
: Lift
Lift C
L ’ B
Drag DEIQ 35:3 Drag

Powered Stable Coasting
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(Water Boost Rockets)

5@ 80® 60T DO® HHHD.

> OB BrB0 60@I] (one stage rockets)

> 08 BrdO 66199 ( )

> 81080 @e®iB® (parachute deploying)



NOSE '
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(Lunar
Module)

Propulsion

Chamber
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Single stage Double stage

SkyLab

Water Rocket Kit 200 feet-+




B Bottles

B Fiastic Bead

M Bottle Tops

g| [ 15mm PVC Pipe
B Garden Hose

B FET Plastic

BB Tack

B Cap Seal

B 21.5mm PVC Pipe

B Clear PVC Tubing
Br\C Tubing Ends

M Faper Clip
. Water

Booster



Errthum-2 fabric
-mo d' 3 parachute

Rocket with a Parachute ...

nose cone
bottle top

nose sheath
made from

bottle
ﬁ
. 3
duct tape
wound
around 4 07
fora bottle
spacer
wood & J
dowel bottle
cap
quich f
connect ring
shroud
cylindrical
fin from
bottle




Nozzles
open-mouth nozzle

' \ CONICAL CONTOURED
\ EXIT CONL EXIT CONE
| -----_-- »
-










Fin Sets

Ring Fin set Tripod Fin set

o F —

Use with restricted nozzle

» Construct in many ways
» Minimize the drag created by them- small & Thin

» Small fins far back be as effective as larger fins further forward



Safety - enoe)®

Only use bottles that made to contain carbonated drinks.
Do not use more than 75 psi or 500kPa in 2 liter bottles.
Cutting bottles can be dangerous.

Releasing the rocket should not be done hands directly. It
should be done by some remote mechanism.

e VD IO IDC SO MDD BB WNESD.
¢ 5@ 6OWIYeS Bmn H8 Bedm™ 75 PSle®»i 500KPa

eMPBEE® .

e 3OO

OE® cOS00 HOIBED DONKE NI DR PM®.

Pressure Conversions

1 torr
1 psi
1 bar

Q0 SHewd HO® gHS) B MR B MO &

133.32 Pa
68.948x1073 bar
10° Pa




Launchers and Release Mechanisms

* Rubber stopper
 Garden hose fitting

*The Copper Tube Launcher



Launching Mechanism

Garden hose type = r

with H Base ~ J s /
/ L) ‘\;

MO ring
PVC tube

M Quick release fitting
String
Epoxy resin

B Garden hose
Schrader adaptor

B Tubing

W Tap fitting

M Jubilee clip

B Bottle top

Dog Skewer
MNozzle




The Copper Tube Launcher

B Release String

Wooden Block
[ Eraser
B Swing-Ball Base
B Copper Tube Launcher

I Cable Ties

M Bottle
Sleeve
W Cable Ties
M "0’ Ring
M Adapter
M Copper Fittings
M Jubilee Clips
M Solder

String

\




E s &  Sliding collar - C
[WEnd stop -D

B Springs -E &F
P Cylinder - G

P Piston - H

B Mount - J

W Latch - K

MLug-L

Fixed collar {A)

as vievved from below
showing three Latches
()]

and the position of End
stop (D)

A B
To compressed air. . . A direct to supply and B via one way valve.
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Different Uses of Water Rockets

» Product drop-tests

» Remote sensor delivery

» Acceleration/deceleration profiling

» Camera deployment

» Aerial photography

» Team-building exercises

» Engineering labor-pool development



Thank you

&
Be a Rocket
Engineer
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