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Aerodynamics Index

Here is a list of all the topics available from the Beginner's Guide to Aerodynamics (BGA) site.
Clicking on the title will deliver a page with a slide and a scientific explanation of the contents. Click
on the word "Animated" for the animated version of selected pages. If the number and variety of
pages seems too intimidating, consider taking one of our Guided Tours through the web site.

Another method for reaching students, teachers and lifelong learners is the use of Distance
Learning. While preparing presentations for students, many Power Point files have been developed
for the Digital Learning Network using information from the BGA. Another group of Power Point
presentations has been prepared concerning the exploration of space. Students and teachers are
encouraged to copy the Power Point files to their own computers and to modify them as desired for
their own presentations. We have also created a home page for all of our movies featuring Wilbur

and Orville Wright.

* Animation files can be large (average 350K bytes)

**Java Applet

| STUDENT ACTIVITIES |

NASA Glenn History and Missions Activities
FoilSim Activities

Basic Aerodynamics Activities Aerospace
Lesson Plans Cross-Word Puzzle Activity
Airplane Gallery

SCIENCE FUHDAMEHTALS |

Three Phases of Matter Newton's Laws of Motion Movie
Newton's First Law - Inertia Newton's Second Law -

Force

Newton's Third Law - Action & Reaction Torques (Moments)
Forces and Torques Equilibrium - 2 Forces

Equilibrium - 3 Forces Equilibrium - 2

Torques

MATH FUHDAMENHTALS

Functions

Rectangular and Polar Coordinates Area Volume
Displacement, Velocity, Acceleration Angular
Displacement, Velocity, Acceleration

Scalars and Vectors Comparing Two Scalars -
Ratio

O

I ATRPLAHNE PARTS

Airplane Parts Definitions
Fuselage Turbine Engines
Wing Geometry Definitions .Interactive**
Winglets
Elevator.Movie..Interactive**
Aileron.Movie..Interactive**
Rudder.Movie..Interactive**
Spoilers.Interactive**

Flaps and Slats .Interactive**
Stabilator Interactive**
Pitot-Static Tube - Speedometer

I ATRCRAFT FORCES

Four Forces on an Airplane .Movie
What is Weight? .Movie

What is Lift? .Movie

What is Drag? .Movie

What is Thrust? .Movie

Lift to Drag Ratio

Thrust to Weight Ratio Excess Thrust (Thrust -

Drag) Forcesina Climb
Vectored Thrust

Airplane Cruise - Balanced Forces Trimmed Aircraft

Momentum Effects
Density Effects .Interactive**
Velocity Effects .Interactive**

| AERODYHAMICS

Aerodynamic Forces
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http://www.grc.nasa.gov/WWW/k-12/airplane/airplane.html
http://www.grc.nasa.gov/WWW/k-12/airplane/fuselage.html
http://www.grc.nasa.gov/WWW/k-12/airplane/turbine.html
http://www.grc.nasa.gov/WWW/k-12/airplane/geom.html
http://www.grc.nasa.gov/WWW/k-12/airplane/winglets.html
http://www.grc.nasa.gov/WWW/k-12/airplane/elv.html
http://www.grc.nasa.gov/WWW/k-12/airplane/alr.html
http://www.grc.nasa.gov/WWW/k-12/airplane/rud.html
http://www.grc.nasa.gov/WWW/k-12/airplane/spoil.html
http://www.grc.nasa.gov/WWW/k-12/airplane/flap.html
http://www.grc.nasa.gov/WWW/k-12/airplane/stablator.html
http://www.grc.nasa.gov/WWW/k-12/airplane/pitot.html
http://www.grc.nasa.gov/WWW/k-12/airplane/forces.html
http://www.grc.nasa.gov/WWW/k-12/airplane/weight1.html
http://www.grc.nasa.gov/WWW/k-12/airplane/lift1.html
http://www.grc.nasa.gov/WWW/k-12/airplane/drag1.html
http://www.grc.nasa.gov/WWW/k-12/airplane/thrust1.html
http://www.grc.nasa.gov/WWW/k-12/airplane/ldrat.html
http://www.grc.nasa.gov/WWW/k-12/airplane/fwrat.html
http://www.grc.nasa.gov/WWW/k-12/airplane/exthrst.html
http://www.grc.nasa.gov/WWW/k-12/airplane/exthrst.html
http://www.grc.nasa.gov/WWW/k-12/airplane/climb.html
http://www.grc.nasa.gov/WWW/k-12/airplane/vecthrst.html
http://www.grc.nasa.gov/WWW/k-12/airplane/cruise.html
http://www.grc.nasa.gov/WWW/k-12/airplane/trim.html
http://www.grc.nasa.gov/WWW/k-12/airplane/momntm.html
http://www.grc.nasa.gov/WWW/k-12/airplane/density.html
http://www.grc.nasa.gov/WWW/k-12/airplane/vel.html
http://www.grc.nasa.gov/WWW/k-12/airplane/guided.htm
http://www.grc.nasa.gov/WWW/k-12/airplane/topics.htm
http://dln.nasa.gov/
http://dln.nasa.gov/
http://www.grc.nasa.gov/WWW/k-12/rocket/topics.htm
http://www.grc.nasa.gov/WWW/k-12/airplane/podcast.html
http://www.grc.nasa.gov/WWW/k-12/Missions/Missionindex.html
http://www.grc.nasa.gov/WWW/k-12/Missions/Missionindex.html
http://www.grc.nasa.gov/WWW/k-12/problems/foilindex.html
http://www.grc.nasa.gov/WWW/k-12/BGA/BGAindex.html
http://www.grc.nasa.gov/WWW/k-12/aeroact.htm
http://www.grc.nasa.gov/WWW/k-12/aeroact.htm
http://www.grc.nasa.gov/WWW/k-12/aerosim/LessonHS97/crossword.html
http://www.grc.nasa.gov/WWW/k-12/aerosim/LessonHS97/historicalplanes.html
http://www.grc.nasa.gov/WWW/k-12/airplane/state.html
http://www.grc.nasa.gov/WWW/k-12/airplane/newton.html
http://www.grc.nasa.gov/WWW/k-12/airplane/newton1g.html
http://www.grc.nasa.gov/WWW/k-12/airplane/newton1g.html
http://www.grc.nasa.gov/WWW/k-12/airplane/newton2.html
http://www.grc.nasa.gov/WWW/k-12/airplane/newton2.html
http://www.grc.nasa.gov/WWW/k-12/airplane/newton3.html
http://www.grc.nasa.gov/WWW/k-12/airplane/torque.html
http://www.grc.nasa.gov/WWW/k-12/airplane/torquef.html
http://www.grc.nasa.gov/WWW/k-12/airplane/equilib.html
http://www.grc.nasa.gov/WWW/k-12/airplane/equilib3.html
http://www.grc.nasa.gov/WWW/k-12/airplane/equilibt.html
http://www.grc.nasa.gov/WWW/k-12/airplane/equilibt.html
http://www.grc.nasa.gov/WWW/k-12/airplane/function.html
http://www.grc.nasa.gov/WWW/k-12/airplane/coords.html
http://www.grc.nasa.gov/WWW/k-12/airplane/area.html
http://www.grc.nasa.gov/WWW/k-12/airplane/volume.html
http://www.grc.nasa.gov/WWW/k-12/airplane/disvelac.html
http://www.grc.nasa.gov/WWW/k-12/airplane/angdva.html
http://www.grc.nasa.gov/WWW/k-12/airplane/angdva.html
http://www.grc.nasa.gov/WWW/k-12/airplane/angdva.html
http://www.grc.nasa.gov/WWW/k-12/airplane/vectors.html
http://www.grc.nasa.gov/WWW/k-12/airplane/ratio.html
http://www.grc.nasa.gov/WWW/k-12/airplane/ratio.html
http://www.grc.nasa.gov/WWW/k-12/airplane/presar.html

. Mathemalics
j Engineering
Scivmce
. Achievemenl

Comparing Two Vectors Vector
Addition

Vector Components Trigonometry
Sine-Cosine-Tangent Ratios in
Triangles
PythagoreanTheorem.Interactive**

| ANALYSIS |

Conservation of Mass Conservation of
Momentum Conservation of Energy
Euler Equations

Bernoulli's Equation Navier-Stokes
Equations

Lift of Rotating Cylinder .Interactive**
Ideal Lift on Spinning Ball ..Interactive**
Ideal Flow Around Spinning
Ball..Interactive**

Conformal Mapping... Interactive **

STATIC GASES |

Animated Gas Lab...Animated Gas Properties
Definitions Equation of State (Ideal Gas)
Specific Heats - cp and cv Boyle's
Law...Animated

Charles and Gay-Lussac's Law...Animated
Specific Volume

Kinetic Theory of Gases

THE ATHOSPHERE |

Interactive Atmosphere Simulator The Atmosphere

Air Properties Definitions Air Pressure

Air Temperature Air Density

Air Viscosity .Interactive** Earth Model - Imperial Units
Earth Model - Metric Units Mars Model - Imperial Units
Mars Model - Metric Units

Relative Velocity - Ground Reference .. Interactive**
Relative Velocity - Aircraft Reference Cross Winds
Updrafts and Downdrafts Lightning Strike

SPEED REGIMES |

SoundWave Interactive Simulator
Dynamic Pressure

Center of Pressure - cp
Aerodynamic Center

Similarity Parameters ..Interactive**
Reynolds Number..Interactive**

WRIGHTSTUFF-AIRCRAFT - Section 2

Boundary Layer
Mass Flow Rate
Definition of Streamlines

| THRUST

Beginner's Guide to Propulsion
EngineSim Interactive Simulator
Thrust Equation

| WEIGHT

Determining Aircraft Weight

Center of Gravity - cg .Movie
Aircraft Center of Gravity - cg
Weight Equation .Movie

| LIFT

FoilSim Il Interactive Simulator
Bernoulli and Newton

Objects with Lift ..Interactive**

Lift from Flow Turning ..Interactive**
Shed Vorticity

Equal Transit Theory ..Interactive**
Skipping Stone Theory ..Interactive**
Half Venturi Theory ..Interactive**
Factors That Affect Lift

Shape Effects on Lift ..Interactive**
Size Effects on Lift ..Interactive**
Inclination Effects on Lift ..Interactive**
Downwash Effects on Lift

Lift Equation..Movie

Lift Coefficient

DRAG

Factors That Affect Drag Shape
Effects on Drag

Drag on a Sphere...Animated Size Effects on

Drag Inclination Effects on Drag Drag
Measurement

Induced Drag Coefficient Drag
Equation..Movie Drag Coefficient

| GLIDERS

Gliders
Paper Airplanes..Plans
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http://www.grc.nasa.gov/WWW/k-12/airplane/vectcomp.html
http://www.grc.nasa.gov/WWW/k-12/airplane/vectadd.html
http://www.grc.nasa.gov/WWW/k-12/airplane/vectadd.html
http://www.grc.nasa.gov/WWW/k-12/airplane/vectpart.html
http://www.grc.nasa.gov/WWW/k-12/airplane/trig.html
http://www.grc.nasa.gov/WWW/k-12/airplane/sincos.html
http://www.grc.nasa.gov/WWW/k-12/airplane/trigratio.html
http://www.grc.nasa.gov/WWW/k-12/airplane/trigratio.html
http://www.grc.nasa.gov/WWW/k-12/airplane/pythag.html
http://www.grc.nasa.gov/WWW/k-12/airplane/mass.html
http://www.grc.nasa.gov/WWW/k-12/airplane/conmo.html
http://www.grc.nasa.gov/WWW/k-12/airplane/conmo.html
http://www.grc.nasa.gov/WWW/k-12/airplane/thermo1f.html
http://www.grc.nasa.gov/WWW/k-12/airplane/eulereqs.html
http://www.grc.nasa.gov/WWW/k-12/airplane/eulereqs.html
http://www.grc.nasa.gov/WWW/k-12/airplane/bern.html
http://www.grc.nasa.gov/WWW/k-12/airplane/nseqs.html
http://www.grc.nasa.gov/WWW/k-12/airplane/nseqs.html
http://www.grc.nasa.gov/WWW/k-12/airplane/cyl.html
http://www.grc.nasa.gov/WWW/k-12/airplane/beach.html
http://www.grc.nasa.gov/WWW/k-12/airplane/bball.html
http://www.grc.nasa.gov/WWW/k-12/airplane/bball.html
http://www.grc.nasa.gov/WWW/k-12/airplane/map.html
http://www.grc.nasa.gov/WWW/k-12/airplane/Animation/frglab.html
http://www.grc.nasa.gov/WWW/k-12/airplane/Animation/frglab.html
http://www.grc.nasa.gov/WWW/k-12/airplane/gasprop.html
http://www.grc.nasa.gov/WWW/k-12/airplane/gasprop.html
http://www.grc.nasa.gov/WWW/k-12/airplane/eqstat.html
http://www.grc.nasa.gov/WWW/k-12/airplane/specheat.html
http://www.grc.nasa.gov/WWW/k-12/airplane/boyle.html
http://www.grc.nasa.gov/WWW/k-12/airplane/boyle.html
http://www.grc.nasa.gov/WWW/k-12/airplane/glussac.html
http://www.grc.nasa.gov/WWW/k-12/airplane/specvol.html
http://www.grc.nasa.gov/WWW/k-12/airplane/kinth.html
http://www.grc.nasa.gov/WWW/k-12/airplane/atmosi.html
http://www.grc.nasa.gov/WWW/k-12/airplane/atmosphere.html
http://www.grc.nasa.gov/WWW/k-12/airplane/airprop.html
http://www.grc.nasa.gov/WWW/k-12/airplane/pressure.html
http://www.grc.nasa.gov/WWW/k-12/airplane/temptr.html
http://www.grc.nasa.gov/WWW/k-12/airplane/fluden.html
http://www.grc.nasa.gov/WWW/k-12/airplane/viscosity.html
http://www.grc.nasa.gov/WWW/k-12/airplane/atmos.html
http://www.grc.nasa.gov/WWW/k-12/airplane/atmosmet.html
http://www.grc.nasa.gov/WWW/k-12/airplane/atmosmet.html
http://www.grc.nasa.gov/WWW/k-12/airplane/atmosmre.html
http://www.grc.nasa.gov/WWW/k-12/airplane/atmosmrm.html
http://www.grc.nasa.gov/WWW/k-12/airplane/atmosmrm.html
http://www.grc.nasa.gov/WWW/k-12/airplane/move.html
http://www.grc.nasa.gov/WWW/k-12/airplane/move.html
http://www.grc.nasa.gov/WWW/k-12/airplane/Animation/airrel/anrel.html
http://www.grc.nasa.gov/WWW/k-12/airplane/move2.html
http://www.grc.nasa.gov/WWW/k-12/airplane/move3.html
http://www.grc.nasa.gov/WWW/k-12/airplane/move4.html
http://www.grc.nasa.gov/WWW/k-12/airplane/sound2.html
http://www.grc.nasa.gov/WWW/k-12/airplane/sndwave.html
http://www.grc.nasa.gov/WWW/k-12/airplane/dynpress.html
http://www.grc.nasa.gov/WWW/k-12/airplane/cp.html
http://www.grc.nasa.gov/WWW/k-12/airplane/ac.html
http://www.grc.nasa.gov/WWW/k-12/airplane/airsim.html
http://www.grc.nasa.gov/WWW/k-12/airplane/reynolds.html
http://www.grc.nasa.gov/WWW/k-12/airplane/boundlay.html
http://www.grc.nasa.gov/WWW/k-12/airplane/mflow.html
http://www.grc.nasa.gov/WWW/k-12/airplane/stream.html
http://www.grc.nasa.gov/WWW/k-12/airplane/bgp.html
http://www.grc.nasa.gov/WWW/k-12/airplane/ngnsim.html
http://www.grc.nasa.gov/WWW/k-12/airplane/thrsteq.html
http://www.grc.nasa.gov/WWW/k-12/airplane/weight2.html
http://www.grc.nasa.gov/WWW/k-12/airplane/cg.html
http://www.grc.nasa.gov/WWW/k-12/airplane/acg.html
http://www.grc.nasa.gov/WWW/k-12/airplane/wteq.html
http://www.grc.nasa.gov/WWW/k-12/airplane/foil3.html
http://www.grc.nasa.gov/WWW/k-12/airplane/bernnew.html
http://www.grc.nasa.gov/WWW/k-12/airplane/lift2.html
http://www.grc.nasa.gov/WWW/k-12/airplane/right2.html
http://www.grc.nasa.gov/WWW/k-12/airplane/shed.html
http://www.grc.nasa.gov/WWW/k-12/airplane/wrong1.html
http://www.grc.nasa.gov/WWW/k-12/airplane/wrong2.html
http://www.grc.nasa.gov/WWW/k-12/airplane/wrong3.html
http://www.grc.nasa.gov/WWW/k-12/airplane/factors.html
http://www.grc.nasa.gov/WWW/k-12/airplane/shape.html
http://www.grc.nasa.gov/WWW/k-12/airplane/size.html
http://www.grc.nasa.gov/WWW/k-12/airplane/incline.html
http://www.grc.nasa.gov/WWW/k-12/airplane/downwash.html
http://www.grc.nasa.gov/WWW/k-12/airplane/lifteq.html
http://www.grc.nasa.gov/WWW/k-12/airplane/liftco.html
http://www.grc.nasa.gov/WWW/k-12/airplane/factord.html
http://www.grc.nasa.gov/WWW/k-12/airplane/shaped.html
http://www.grc.nasa.gov/WWW/k-12/airplane/shaped.html
http://www.grc.nasa.gov/WWW/k-12/airplane/dragsphere.html
http://www.grc.nasa.gov/WWW/k-12/airplane/sized.html
http://www.grc.nasa.gov/WWW/k-12/airplane/sized.html
http://www.grc.nasa.gov/WWW/k-12/airplane/inclind.html
http://www.grc.nasa.gov/WWW/k-12/airplane/dragdat.html
http://www.grc.nasa.gov/WWW/k-12/airplane/dragdat.html
http://www.grc.nasa.gov/WWW/k-12/airplane/induced.html
http://www.grc.nasa.gov/WWW/k-12/airplane/drageq.html
http://www.grc.nasa.gov/WWW/k-12/airplane/drageq.html
http://www.grc.nasa.gov/WWW/k-12/airplane/dragco.html
http://www.grc.nasa.gov/WWW/k-12/airplane/glider.html
http://www.grc.nasa.gov/WWW/k-12/airplane/glidpaper.html

. Mathemalics
j Engineering
Scivmce
. Achievemenl

Compressible Aerodynamics
MachNumber..Interactive**
Speed of Sound ..Interactive**
Subsonic

Transonic

Supersonic

High Supersonic

Hypersonic

Re-Entry

Mach Calculator

WRIGHTSTUFF-AIRCRAFT - Section 2

Fun with Gliders

Space Shuttle as a Glider

Three Forces on a Glider

Glide Angle

Vector Balance of Forces - Glider
Glider Trajectory Problem

MODEL ROCKETS

OBJECT MOTION

Beginner's Guide to Model Rockets
RocketModeler Interactive Simulator

DropSim Interactive Simulator
Basic Object Motion

Object Motion Due to a Side Force
Ballistic Flight..Interactive**

Falling Objects - Newton's First Law
Motion of Free Falling Object

Free Fall without Air Resistance
Falling Object with Air Resistance
TerminalVelocity..Interactive**
Flight with Drag..Interactive**
Ballisitic Flight Calculator

KITES

Beginner's Guide to Kites KiteModeler Interactive
Simulator

HIND TUHHELS

Beginner's Guide to Wind Tunnels
TunnelSim Interactive Simulator

SPORTS

ATRCRAFT MOTIOHN

RangeGames Interactive Simulator
Simplified Aircraft Motion

Aircraft Motion - Newton's First Law
Aircraft Motion - Newton's Second Law
Aircraft Translations

Aircraft Rotations
Roll..Movie..Animated
Pitch..Movie..Animated
Yaw..Movie..Animated

Banking Turns

Range - Constant Velocity
Maximum Flight Time

Range Summary

Baseball Home Page

HitModeler Interactive Simulator
HitModeler Weather Interactive Simulator
CurveBall Student Interactive Simulator
CurveBall Expert Interactive Simulator
Soccer Home Page

SoccerNASA Interactive Simulator

| MISCELLAHEOQUS

Wright Brothers Aircraft
Let's be Specific
Venus Airfoil
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http://www.grc.nasa.gov/WWW/k-12/airplane/bgc.html
http://www.grc.nasa.gov/WWW/k-12/airplane/mach.html
http://www.grc.nasa.gov/WWW/k-12/airplane/sound.html
http://www.grc.nasa.gov/WWW/k-12/airplane/lowsub.html
http://www.grc.nasa.gov/WWW/k-12/airplane/hisub.html
http://www.grc.nasa.gov/WWW/k-12/airplane/lowsup.html
http://www.grc.nasa.gov/WWW/k-12/airplane/hisup.html
http://www.grc.nasa.gov/WWW/k-12/airplane/lowhyper.html
http://www.grc.nasa.gov/WWW/k-12/airplane/hihyper.html
http://www.grc.nasa.gov/WWW/k-12/airplane/machu.html
http://www.grc.nasa.gov/WWW/k-12/airplane/dropsim.html
http://www.grc.nasa.gov/WWW/k-12/airplane/bmotion.html
http://www.grc.nasa.gov/WWW/k-12/airplane/objmotion.html
http://www.grc.nasa.gov/WWW/k-12/airplane/ballflght.html
http://www.grc.nasa.gov/WWW/k-12/airplane/newton1a.html
http://www.grc.nasa.gov/WWW/k-12/airplane/mofall.html
http://www.grc.nasa.gov/WWW/k-12/airplane/ffall.html
http://www.grc.nasa.gov/WWW/k-12/airplane/falling.html
http://www.grc.nasa.gov/WWW/k-12/airplane/termv.html
http://www.grc.nasa.gov/WWW/k-12/airplane/flteqs.html
http://www.grc.nasa.gov/WWW/k-12/airplane/fltcalc.html
http://www.grc.nasa.gov/WWW/k-12/airplane/ngnsimr.html
http://www.grc.nasa.gov/WWW/k-12/airplane/smotion.html
http://www.grc.nasa.gov/WWW/k-12/airplane/newton1.html
http://www.grc.nasa.gov/WWW/k-12/airplane/motion.html
http://www.grc.nasa.gov/WWW/k-12/airplane/translations.html
http://www.grc.nasa.gov/WWW/k-12/airplane/rotations.html
http://www.grc.nasa.gov/WWW/k-12/airplane/roll.html
http://www.grc.nasa.gov/WWW/k-12/airplane/pitch.html
http://www.grc.nasa.gov/WWW/k-12/airplane/yaw.html
http://www.grc.nasa.gov/WWW/k-12/airplane/turns.html
http://www.grc.nasa.gov/WWW/k-12/airplane/range.html
http://www.grc.nasa.gov/WWW/k-12/airplane/ftime.html
http://www.grc.nasa.gov/WWW/k-12/airplane/sumran.html
http://www.grc.nasa.gov/WWW/k-12/airplane/glidfun.html
http://www.grc.nasa.gov/WWW/k-12/airplane/glidshuttle.html
http://www.grc.nasa.gov/WWW/k-12/airplane/glidfor.html
http://www.grc.nasa.gov/WWW/k-12/airplane/glidang.html
http://www.grc.nasa.gov/WWW/k-12/airplane/glidvec.html
http://www.grc.nasa.gov/WWW/k-12/airplane/glidprob.html
http://www.grc.nasa.gov/WWW/k-12/airplane/bgmr.html
http://www.grc.nasa.gov/WWW/k-12/airplane/rktsim.html
http://www.grc.nasa.gov/WWW/k-12/airplane/bgk.html
http://www.grc.nasa.gov/WWW/k-12/airplane/kiteprog.html
http://www.grc.nasa.gov/WWW/k-12/airplane/kiteprog.html
http://www.grc.nasa.gov/WWW/k-12/airplane/bgt.html
http://www.grc.nasa.gov/WWW/k-12/airplane/tunopen.html
http://www.grc.nasa.gov/WWW/k-12/baseball/index.html
http://www.grc.nasa.gov/WWW/k-12/airplane/hitmod.html
http://www.grc.nasa.gov/WWW/k-12/airplane/hitmodw.html
http://www.grc.nasa.gov/WWW/k-12/airplane/foil2b.html
http://www.grc.nasa.gov/WWW/k-12/airplane/foil2bk.html
http://www.grc.nasa.gov/WWW/k-12/airplane/soccer.html
http://www.grc.nasa.gov/WWW/k-12/airplane/soccercode.html
http://www.grc.nasa.gov/WWW/Wright/discoveries.htm
http://www.grc.nasa.gov/WWW/k-12/airplane/spec.html
http://www.grc.nasa.gov/WWW/k-12/airplane/venusfoil.html

TESAE RIGHTSTUFF AIRCRAPT

Achievement

INTENTIONAL BLANK PAGE
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