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Introduction to Model: A General View and
Application to Model Rocket Engines
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INGINEERING & Ares | Crew Launch Vehicle
=

'\!K + ~25-mT payload capacity
v

+ 2-MIb gross liftoff weight
Launch Abort System | ’l

+ 309 ft in length
A ¢ "?ﬂ First Stage

« Derived from Current Shuttle Reusable
Solid Rocket Motor/Booster (RSRM/B)

« Five Segments/Polybutadiene
Acrylonitride (PBAN) Propellant

« Recoverable

& + New Forward Adapter

Upper Stage

« 280-klb Liquid Oxygen/Liquid Hydrogen

(LOX/LH,, Stage
+ 5.5-m Diameter
« Aluminum-Lithium (Al-Li) Structures
« Instrument Unit and Interstage
+ RCS / Roll Control for First Stage flight
+ CLV Avionics System

Upper Stage Engine
« Saturn J-2 Derived Engine (J-2X)

« Expendable o

LUNAR FLIGHT PLAN
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Ascent Stage
Descent Stage }LSAM

Composite Shroud

Ares V Cargo Launch Vehicle

d A
+ ~130-mT payload capacity

+ 7.4-MIb gross liftoff weight

+ 358 ft in length

Earth Departure Stage
« LOx/LH2
- One J2X+ Engine
« Al-Li Tanks/Structures

v

/ 4. _ Interstage

Upper Stage Engine V ™

« Saturn J-2 Derived Engine (J-2X)

« Expendable

Five Segment RSRBs

Core Stage
« LOx/LH2
- Five RS68 Engines
« Al-Li Tanks/Structures




JNGINEERING &
& oo

Instrument Unit
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Constellation Launch Vehicle Elements

Launch Abort System (LAS)

Crew Exploration Vehicle (CEV)

(Crew Module / Service Module)

‘Spacecraft Adapter

&

Composite Shroud

Lunar Surface Access Module (LSAM)

LOx/LH2
One J2S+ Engine

-
g Fonvard Skit Al-Li Tanks/Structures
Upper Stage
J-2X Upper Stage Engine Interstage
o E
Interstage
Forward Frustum
Core Stage
LOx/LH2
First Stage Five RS-68 Engines
(5-Segment Reusable Solid Al-Li Tanks/Structures
Rocket Booster (RSRB))
Two 5-Segment RSRBs
AL

s

Building on a
Foundation of Proven Technologies

Launch Vehicle Comparisons
Lander Crew
300 Lander
Earth Departure ==}
& Stage (1J-2X)
= 493k Ib LOX/LH,
£ sIvB
g Upper Stage (1J-2 engines)
2 (1 3:2%) - 240K Ib Lox/LH,
) 1
2 2004 280k Ib LOXILH, |
E | s
z « (5J-2 engines)
[ I-I M Ib LOXILH,
g Core Stage )
5-Segment (5RS.68)
Reusable Solid T
100 4 Rocket Booster : 2 sc
| (RSRB) BF1)
| 3.9M b LOXIRP
o d 2 .
Space Crew Launch Cargo Launch
Shuttle Vehicle Vehicle Sy
Height: 1842 Height: 321 Height: 35 Height: 364

Gross Liftoff Mass: 1.7M Ib

" 8 1t
Gross Liftoff Mass: 2.0M Ib Gross Liftoff Mass: 6.4M Ib

Glenn Research Contar &t Lewis
Field

OO TR T T T
147k Ibm to TLI in Dual-
Launch Mode with CLV

641t
Gross Liftoff Mass: swm@
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Need work on the details
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Advisor Comments

« Melted 6 parachutes performed 10 successful launches ! (3 Altimeter data points)

Glenn Research Center at Lewis @

Field

« All rockets recovered
« All of them flew straight !
« Congratulation to all for job well done!

Glenn Research Center at Lewis @

Field
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Model Rocket Launches

; & > 2 5 X
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Model Rocket Launches Model Rocket Launches

Glenn Research Center at Lewis @ Glenn Research Center at Lewis @
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Newton’s Law

Altitude measured vs.
Computed

Nov-Demo Launch Data
1600 l
100 Model

—_— —
1D h-Upwind
Hh-Normal
Calculated-w-Drag

1 Calculated-w/o-Drag t

Wh-Upwind
i h-Normal

M Calculated-w-Drag
Calculated-w/0-Drag

|  h-Upwind
e00 h-Normal
Calculated-w-Drag m

Altitude

Calculated-w/0-Drag

Data , F =m—
-1 M F=— (V) m—

Launch No.

Launch Number
Glenn Research Center at Lewis @ Glenn Research Center at Lewis @
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Boeing 777

Newton’s Law

dm  State of the
= = V ART
dl. + 1990
Design

Generate a large Velocity

F

Move a lot of Mass

Glenn Research Center at Lewis @ Glenn Research Center at Lewis
Field

Field




777 INFO

e 777-200

« Take off Weight 506,000 Ibs

* Range 4350 nmi

« Fuel Capacity ~ 37000 gals

* Engines GE90, PW4084, RRTrent 890

« Thrust Class, 105,000 Ibf (Peak GE90), ~90,000 Ibf, 84,600Ibf(PW
4084), demonstrate 90,000 Ibf, 90,000 Ibf (Trent 800)

Glenn Research Center at Lewis
Field

Space Shuttle

* 4.5 million Ib (~8 of 777)

« Payload capacity 65,000lbs

* 1.4 % payload fraction

* SSME ~ 400,000 Ib

* 1.6 million Ib propellant ( 35.5 %)
* ~ 1 million Ib Solids ( 22 %)
¢~ 5.2 million Ib thrust

e ~9*777 thrust

Glenn Research Center at Lewis
Field
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3-2-1 Launch

Glenn Research Center at Lewis
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Newton’s Law

F =ma

a=F/m
F =Thrust - Drag - Weight

Field
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[ Newton’s Law

Drag =1/2C,pV*A
m = mass~ changesovertime

V=fa=fF/m

Glenn Research Center at Lewis @
Field
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[ Newton’s Law

x=fV=ffa=ffF/m

In one Dimension

Glenn Research Center at Lewis @
Field
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[ Newton’s Law

In Two Dimension

F* Sin(Ang)

-~ —— F*cos (Ang)

Glenn Research Center at Lewis @
Field
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Simple use of the Newton’s Law£%}

Once the relationship is
developed than we can predict
things like

How high

How far
Etc...

Glenn Research Center at Lewis @
Field
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Model Rockets

NOSE CONE

PAYLOAD SECTION

BODY TUBE

RECOVERY SYSTEM

LAUNCH LUG

RECOVERY WADDING

FINS

ENGINE MOUNT

Glenn Research Center at Lewis
Field

J:]NG/NEENMIG &
| 2

Model Rockets

PAPER CASING

CLAY NOZZLE PROPELLANT

COAST or EJECTION CLAY
DELAY PHASE CHARGE RETAINING CAP

Glenn Research Center at Lewis
Field
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23 CO + 17 CO,

*  Ammonium perchlorate
* Note: Far more interesting than

. H,+1/20,->H20

Chemistry/Combustion
+ 21NH,CIO,+ 10(C,Hg)-> 21HCI + 34.5 H, + 27 H,0 +

Glenn Research Center at Lewis
Field
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Class

Published Motor Data

1.26-2.5 N-s
2.51-5 N-s
5-10. N-s
20-40 N-s

A6\-4

Thrust (Newtons)

Delay (sec)

Glenn Research Center at Lewis
Field




Measured Motor Data

B6-4 <4 sec
5]
L] 6 Newtons J
I
T T T T 1

Glenn Research Center at Lewis @
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Measured Motor Data

Thrust Data

Thrust Stand

Small scale version
A/D

Mac Laptop
Ignition System

0 e
{ | ja z
LI T
2 [l
1/2/ A - okay?
* MW
? ? —12:5.0m
i = | e
g c6-5data.cmbl
~ ~— c6-5data.cmbl
g -8 T = al/2amotor.cmbl
é al/2amotor.cmbl
[ D8 ?
-10
-12 J
Glenr  -1¢
Field Time (Sec)
Test Runs

Glenn Research Center at Lewis
Field




Test Runs
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Test Run

Glenn Research Center at Lewis
Field
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Raw Data

Parachut Experimental Data (May/06)

y = 0.1562x*%""

600

-y
— Power (u)

100

U (m/s)

Glenn Research Center at Lewis @

Field
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Reference Information

Glenn Research Center at Lewis
Field
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Application of Newton's Law (Ascent)

YF=0=Mass*Accleration=Thrust-Drag-Weight

The Shaded cells need user input

Rocket altitude Calculations

Thrust e 505 o b

et Mass 0.000 kg 0.000 lbm
Burnout Motor casing

ass 0.011 kg 0.005 lbm
[rirust timeduration
Erector delay Time

Thrust Force of Engine 20.000 N 89.000 Ibf
Frontal Area 0.020 m2 0215 fr2

oraq Cosfiicient(Rocket) 0.100
Frontal Area with chut 0,100 m2 1.076 ftn2

orag coefficient (chut) .
Jair Densit 1.230 kg/m3 0.077 Ibm/s
rotal ission time 20.000 sec 20.000 sec
[Counch Angle '65.000 Degrees T.134 radians Relavent for
Jcross breeze velocity 0.000 m/s fi/s

o 0.000

[Total no of Calculation
points 602.000 pts
fime ste; 0.033 sec
Juel mass burn rate 0.005 kg/s 0.020 lbmys Linear Rock

[Total Vehicle Mass.
(Motor and Rocket)

fspecific Draq Ascent 1.2308-03 N/(m2/s2) |1/2 rho cd A
[specific brag Decent 1.230E-02 N/(m2/s2)

Glenn Research Center at Lewis @

Field

Drag
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Typical Drag Data

Shape cp cp

- 0; 1.17

Thrust 0.38 1.20

0.42 1.16

0.59 1.60

0.80 1.55

0.50 1.55

1.17 1.98

1.17 2.00

1.42 230

Drag Weight = 138 220
Ej:; 1.05 zfij

Flow
Glenn Research Center at Lewis —_—

Field
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Application of Newton's Law (Ascent)

Acceleration = (Thrust The shaded cells need user input
-weight-Drag )/AMass

Rocket altitude Calculations

o oTs kg 5508 o reiover for
reciet Hass 0.000 kg 5,000 o
- Surmout Motor Casing
Drag = 1/2pV3Cg *Area s ootika 0.005 tom
st timeduration 0.300 sec 0,800 See
\ ejector delay Time 10,000 sec 10.000 sec
X vt Foce of enane [ 20000 59,000 o7
Acceleratlon=dV/dt~A Frontal Area 0.020 m2 0.215 ftr2
oraq Coetricenterocken| 0,100
At Frontal Area with Chut 0.100 m2 1.076 ft~2
orag Coeticient (chuty 0200
Vnew = Vold + At* v Density 1230 kg/m3 0.077 Ibms
o sl ime 20000 8¢ 20000 sec
: Counch Aoge 55000 Dearees T reiovent for
Acceleration <ocs breese velocty 0,000 mis s
5 5500

ot orCauaton
Velocity=dY/dt~AY/At e T
. 5555 fars o020 e inear Rock
Ynew = Yold + At* :
Velocity

fspecific Drag Ascent 1.2308-03 N/(m2/s2) |1/2 rho Cd A
Jspecific brag Decent 1.230E-02 N/(m2/s2)

Glenn Research Center at Lewis @

Field
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Application of Newton’s Law (Descent)

YF=0=Mass*Accleration=+Drag-Weight

Drag This is now the relevant drag device
What happen to thrust?

Why is drag positive?

Weight

Glenn Research Center at Lewis @
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Application of Newton’s Law (Descent)

The Shaded cells need user input

Rocket altitude Calculations
rniarvotor viass Dot kg 5008 fom reiavent for
0000 kg 0000 lom
ournout Motor Casing
oss 0011 ks 0.005 tom
st tmeduration
ejector deiay Time

Thrust Force of Engine 20.000 N 89.000 Ibf
Frontal Area 0.020 m2 0215 fr2

oraq Cosfiicient(Rocket) 0.100
Frontal Area with chut 0,100 m2 1.076 ftn2

orag coefficient (chut) .
Jair Densit 1.230 kg/m3 0.077 Ibm/s
rotal ission time 20.000 sec 20.000 sec
[Counch Angle '65.000 Degrees T.134 radians Relavent for
Jcross breeze velocity 0.000 m/s fi/s

o 0.000

Decent Relevant Inputs {

points 602.000 pts
fime ste; 0.033 sec
Juel mass burn rate 0.005 kg/s 0.020 lbmys Linear Rock

fspecific Draq Ascent 1.2308-03 N/(m2/s2) |1/2 rho cd A
[specific brag Decent 1.230E-02 N/(m2/s2)

Field

Glenn Research Center at Lewis @

Field
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Application of Newton’s Law (Other INPU

wind )
<:| The Shaded cells need user input

Rocket altitude Calculations
iniarvotor viass Dot kg 5008 fom reiavent for
0000 kg 0000 lom
ournout Motor Casing
oss 0011 ke 0.005 tom
st tmecuration
ejector deiay Time

Thrust Force of Engine 20.000 N 89.000 Ibf
Frontal Area 0.020 m2 0.215 fr2

oraq Cosfiicient(Rocket) 0.100
Frontal Area with chut 0,100 m2 1.076 ft2

orag coefficient (chut) .
Jair Densit 1.230 kg/m3 0.077 Ibm/s
rotal ission time 20.000 sec 20.000 sec
[Counch Angle '65.000 Degrees T.134 radians Relavent for
Jcross breeze velocity 0.000 m/s /s

o 0.000

[Total no of Calculation

Launch Angle points £02.000 pts
e =2 0033 sec
roe! msce burm rate 0009 ka/s 0.020 o/ Linear Rock

fspecific Draq Ascent 1.2308-03 N/(m2/s2) |1/2 rho Cd A
Jspecific brag Decent 1.230E-02 N/(m2/s2)

Glenn Research Center at Lewis
Field

Aerodynamic Llf/ @/

[ Example :

120.00
100.00 A /_\
80.00
60.00 7 /
2000 ‘aunch Angle=60
0.00
0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 100.00
Distance Rocket motion only = = - Glide Corrected Distance @
Glenn Research Center at Lewis

Field
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Flight Estimate

250.000

Total Thrust Time

200.000
.

£ 150.000

3

H

]

2

s Hightest Altitude — Velocity (m/s)
$ 100.000 — gfactor

% Thrust profile (N)
g Engine Thrust Time + Delay Time (aero change)

H

£ 50.000

Yy

0.000 5.000 T0T0 ![ 15.000 20.000 25.000

-50.000

Time
Glenn Research Center at Lewis
Field
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Reference Information

» Stine, Handbook of Model Rockets.
+ National Association of Rocketry, http://www.nar.org/

Glenn Research Center at Lewis @
Field
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L’—f« Law of Inertia

An object at rest, or in uniform straight line motion, will remain at rest, or in
uniform straight line motion, unless acted upon by a net external force.

This is easier to write mathematically.

fas)
it OF = 0, then D = constant

which translates to: if we add up all of the forces acting on a body from 1
to infinity and get zero as the resultant, then the body is moving with
constant velocity.

The converse of this is true as well.

Glenn Research Center at Lewis @
Field
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Newton’s 2nd Law

,_/
im_e;_

A net force acting on a body produces on that body, an acceleration that is directly related to the force
impressed upon the body and inversely related to the mass of the body.

Newton also explains what happens when the forces do not add up to be zero
An easier way to state itis:

Notice that the equation is a vector equation. The acceleration is in the same direction as the
net force.

The units of force are directly derived from this formula

N = kg m) ~.7.

Glenn Research Center at Lewis @
Field
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3rd Law, Weight, and Normal Force

- For every action there is an equal but opposite reaction
or mathematically stated: Foo = -Foa

It is an observation of Newton, that forces naturally occur in pairs

Example: Weight - the force with which a
gravitational body (such as the earth) pulls
on a body

Mathematically: W = mg

¥ =mg
When a person (mass = 70 kg) is standing on a =70%9.8
floor the force that they exert on the floor is =686 N
their weight @/
Glenn Research Center at Lewis

Field
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Post 630 Rocket Design Mission

All most be accomplished with original vehicle
configuration

*Photographic (Video) from Altitude

 High altitude (motor size fixed)

« Safe recovery of fragile payload get to a fixed altitude (motor
may vary based on load)

* Most accurate telemetry prediction

¢+ Open ideas ?

Must have a performance model

*At Least 1D spreadsheet model of the Newton’s

Law! or
ehttp://exploration.grc.nasa.gov/education/rocket/rktsim.ht
ml

Glenn Research Center at Lewis @

Field
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Explorer Rocket Design Mission

Constraints:

*Specific Impulse of <13 per seconds.
= Newton/FuelFlow= 1 Newton/(.1 Newton/sec
(Estimated burn out mass rate))

*Total Thrust (<=5 Newtons-Seconds (TBD!) )

*Total Mass <.1 kg

*Must have Payload capability (Volume and Size)-
Instrumentation are provided!

*All of launch accessories such as launch logs are not optional!
*Must have a design and safety both peer and advisor review

Glenn Research Center at Lewis @

Field
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Explorer Rocket Design Mission

Teams
* Get to know each other.
* Pick a mission
* Pick a name for their launch system
* Assign roles/Start a discussion and assign roles
* Should do some calculations and see if what is possible
* Develop a plan of how to build what to test for and what
it would look like
* Develop a story (Design) for a peer review

« Assign lead responsibility for Performance,
Aerodynamic Design, Structural Design, Fabrication,
Data Acquisition and System Readiness.

*Everyone contributes !

Glenn Research Center at Lewis @

Field
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