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MOST IMPORTANT SLIDE  Research
Center

http://education.grc.nasa.gov/

Under: Related Multimedia

Beginner’s Guide to Rocketry

Beginner’s Guide to Aeronautics
Re-Living the Wright Way
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OBJECTIVE Research

Center

* Use computer technology and student interest

in airplanes and rockets to introduce and demonstrate
science, technology, engineering and math.

* Develop educational materials for use by teachers.

 Use the Internet for world-wide distribution of
NASA software and educational materials.



Example of Free Software
FoilSim

This is a beta 1.5a version of the FeilSim Il program, and you are invited to participate in the beta testing. If you find errors

in the prograrm or would like to suggest improverments, please send an e-mail to bensoni@gre. nasa. gov. Yersion 1.4n s still
available if you prefer the older version.
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Example of Free Software
EngineSim

This 1z the beta 1.5 version of the NASA Glenn EngineSim program, and you are mwited to participate in the beta tes
would like to suggest mmprovernernts, please send an e-mail to benson@gre nasa gov.
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With this software you can investigate how a turbine (or [et) engine produces thrust by changing the values of different engi
effects of engine performance aon aircraft range by using another interactive version of EngineSim. Ta return ta the ariginal 5

laweer right.
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Example of Free Software
RocketModeler |l

: kel oty JEEE  Focket todelern  Units: [Engiish v
GErid Ballistic Starmp 1 E'-LEI:ImE!E Model |

- LOWeight : :
T Drag Coet o EEH
Mission  Control ;
Mose .
Diesign Fuel i Fad i Launch i
G 0.0070 oz :j
ok ‘»'f:* Co-Center of Gravity Length in lan | [iE 3
B P i Cp-Centerof Pressire et T T s
Diamin (1.0 4 b
i ' Fairing:  QURUOERRRrdll 1137 Cardboard :j
- ; —1-ineh
i & ‘r ‘ Lenagthin (0.0 4 »
| Diarmin {1.0 4 j ,
Z00tm | ; S B A e
Track DrEIQICDEﬁ 0.7 ..:..._._ i s [ 3




Example of Free Software
Calculators

Mach and Speed of Sound
Standard Atmosphere
Isentropic Flow

Normal and Oblique Shocks
Terminal Velocity



age from Beginner's Gu

=2 Rocket Tranzlations - Microsoft Internet Explorer
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Rocket Translation

Y - Displacement = d =Y, - Y]
Average Y - Velocity = V =(Y, - Y, )/ (t, - t,) i
Instantaneous Velocity = V = VY / dt

Average Y - Acceleration= a =(V1 -Vu) I (t1'tn)
Instantanecus Acceleration = a= dV/ dt

&

Initial Position
Ko, Yo, 2o, 1)

>

X

We live in weorld that is defined by three spatial dimensions and one tune dimension. Obijects can move withun this
domain i two ways. An object can translate, or change location, from one pomt to another. And an object can
rotate, or change its attitude. In general, the motion of an object involves both translation and rotation. The motion of a

rorket is partinnlarty coroles ber: iens are connle ; N
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Samples of Content from the
Beginner's Guides



General Science Information

: Glenn
Newton’s First Law Resasrch

Center

"Every object persists in its state of rest
or uniform motion in a straight line unless
it is compelled to change that state

by forces impressed on it."




Fundamental Mathematics

Glenn

Ratios in Triangles Research

Center

What is the ratio

of the side to the
bottom ?




Animations




Equations

Glenn
Excess Thrust Research
(Thrust - Drag) Center
Drag (D)

-f— Excess Thrust (F_,)

Excess Thrust = Thrust - Drag
Fu= T -D
Newlon’s Second Law: Fex= m a
a=F,/m

a=acceleration of aircraft
m = mass of aircraft



Derivations

Compression and Expansion "

(no heal addition or losses) Center

Cp=ap-a|:iﬂ¢ heat at constant pressure
C y = specific heat at constant volume R=Gas constant

¢cp-Cyv=R 7Y=cplc,
Blgebra  R/Cp = 1 -1/Y
T=Temperature p=Pressure s5=Entropy v= Yolume

Entropy of a Gas: 8,— S, =Cpln (T2/Ty) = R In(p2/py)

Compression and expansion are reversible: 8,—-5,=10
Then: Cp IN (T2/Ty) =R |I’i{|32ff-"1:|

Effect of Pressure on Temperature: (T,/T,) = (po/p,) It -1Vl

Equation of State: py = H T  Substitute: [pgvzfpf’-"ﬁ - (psz.l]il - 11v]

Gather : HIIIF2"II"""1 - (pzfpd [1fv]

Eifect of Volume on Pressure: |P2/P, =(V, ey




Diagrams
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Torques on a Kile Research

Center
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Photographs




Applications of Math and Science

Glenn
Glide Angle Research

Center

h = Vertical Height
d = Horizontal Distance

a = Glide Angle

s = Surface Distance
Hoszontal
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CURRENT EFFORTS Research
Center

e Beginner’'s Guide to Hypersonics
Change of emphasis to undergraduates

Include real gas effects in supersonic programs
e New TBCC simulator based on JPC 97 program

e Available Sept 2006
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FUTURE PLANS Research
Center

e Extend current programs

Change FoilSim solver - include drag, moment
and ground effects

Upgrade EngineSim to 3 spool, mixer nozzle,
component design, and propellers

Java version of GaslLab
More kite geometries

e New programs and websites
Power and Energy

Others ..
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SUMMARY Research
Center

o Concepts related to aerospace can be
used to demonstrate math and science

e Beginner's Guides are available on the
Internet for teachers and students

¢ |nteractive Software programs are available
for student exploration and learning

e Comments/ Questions



