wWww.rasaero.com

Copyright © 2019, by Charles E. Rogers

RogersAeroscience RASAerdl Aerodynamic Analysis and
Flight Simulation Program

Users Manual

Version 1.0.20
Copyright © 2019

Charles E. Rogers
David Cooper

Rogers Aeroscience
P.O. Box 10065
Lancaster, CA935840065

WWw.rasaero.com



For RASAeroll User Support, or to contact the RASAdrauthors

E-mail; CRogersl68@aol.com

Mail: Rogers Aeroscience
P.O. Box 10065
Lancaster, CA
935840065

Table of Contents
RASAeroll Aerodynamic Analysis anlight Simulation Program

Entering a Rocket intBRASAeroll

Main Screen

Nose Conénputs

Body Tube, Fins and Rail Guide/Launch LuglinchShoe Inputs
Fin Airfoil Inputs

Adding Multiple Body Tubes

Rail Guide, Launch LugndLaunch Shoénputs
Protuberance Inputs

Transition Inputs

Fin Canister Inputs

Boattail Inputs

Editing, Insertingor Deleting Rocket Components

Adding a Booster Stage with a Nested Upper Stage

Adding a Booster Stage that Does Not Have a Nested Upper Stage

Running an Orbital aunch Vehicle on RASAeribto Generate
Aerodynamic Datadr Ascent to Orbit Trajectory Simulations

10

11

14

18

19

24

30

32

34

36

39

49


mailto:CRogers168@aol.com

Additional RASAero Il Inputs
Equivalent Sand Rahness (Surface Finish) Input
Rogers Modified Barrowman Method Option
All Turbulent Flow Option
Loading a Rocket File from the Previous RASAero Software
Importing a RockSim File into RASAellb
Scale Rocket Drawing
Aero Plots
Launch Site Inputs
Recovery Inputs
Rocket Comments
Other Inputs
MachAlt Input for Matching Wind Tunnel or Flight Data Reynolds Number
Run Test
RASAeroll RocketMotor Database
UserSelected RASP Motor File
Running the RASAerd Flight Simulation
Running a Boosted Dart on RASAero |l
Marginal Stabilityand Unstable Rocket Warnings
Tips for Two Stage Rockets aihch 3 and Mach 3Rockets
Example Rocket 1
Example Rocket 2

Example Rocket 3

52

52

54

55

57

57

61

64

78

81

82

84

84

86

93

94

98

112

114

115

117

130

141



The RASAero Il Aerodynamic Analysis and Flight Simulation Program

RASAeroll is a combined aerodynamic analysis and flight simulation software package for
model rockets and high power rockets, amateur rockets, and sounding rockets. RIAS&®ro
also be used for predicting aerodynamic coefficients for use in other flight siomuteitbgrams
for orbital rockets.

The RASAerdl aerodynamic prediction methods are the most accurate available for model, high
power, and amateur rockets, and are of equivalent accuracy to professional engineering method
aerodynamic analysis codes usedmissiles, sounding rockets, and space launch vehicles.

The RASAerdl aerodynamic predictions include drag coefficient at zero degrees angle of
attack, drag coefficient with a neero angle of attack, lift coefficient and normal force
coefficient wih angle of attack, for both powen (thrust phase) and poweif (coast phase).
Center of pressure is predicted both as a function of Mach number and as a function of angle of
attack. Aerodynamic coefficients are predicted for the subsonic, transgpécssnic, and
hypersonic flight regimes, from Mach 0.01 to Mach 25. For subsonic center of pressure the
standard (for model and high power rockets) Barrowman method can be used, or the Rogers
Modified Barrowman method can be selected which includes a asmurate body normal force
slope with angle of attack (CNalpha) at low angles of attack, inclusion of the body in the
presence of the fins interference factor (Kbf) left out of the Barrowman method, and body
viscous crossflow for forward movement of tioeket center of pressure with angle of attack.

The effects of fin sweep angle, fin airfoil, nose cone shape, and nose and fin bluntness are
included in the transonic, supersonic and hypersonic aerodynamic predictions. Airfoil options
include hexagonaNACA, double wedge, biconvex, hexagonal blunt base, single wedge,
rounded, and square leading edge airfoils. The drag from launch lugs, rail guides, and launch
shoes is included. The rail guide drag model for model and high power rockets is particularly
accurate. The forward movement of center of pressure at high supersonic to hypersonic Mach
numbers is predicted, an important effect fordiabilized rockets flyingip to andover Mach 3,
where depending on fin design by Mach 5 the Center of Pressuraasee up to 60% d the

body length from the nose.

Two flight simulation options are available in the RASAé#reoftware a 2 degreesf-freedom
trajectory simulatiorwith no wind and a 3 degreeasf-freedom trajectory simulation with wind
that incluaes dynamic stability and weathercodkiof the rocket into the wind. If no wind is
entered then the 2 degreafsfreedom trajectory simulatios iselected, if a wind is entertdten
the 3 degreesf-freedom trajectory simulation with dynamic stabilitydaveathercocking is
selected Thrust of the rocket motor is varied Wialtitude using the entered thrust curve, the
altitude of the rocket, anthe exit diameter of the rocket motor nozzhdl| of the flight
simulations includesitherballistic orparachute recovery. If a parachute recovery is selected,
there isa recoery event at apogee (deploymenaamall drogue parachube the main
parachute), and if selected theraigecovery event at a usgpecified altitude above the ground
(deployment oftemain parachutafter descending on a drogue parachute

When the flight simulation portion of the software is run, the aerodynamic coefficients for the
rocket are calculated during each time step based on the rocket Mach number, angle of attack,
Reynobls number based on the altitude of the rocket, and whether the rocket is flying in the
motor thrust phase (powen) or the coast phase (powadf). For the 3 degreesf-freedom
trajectory with dynamic stability and wind, both static and dynamic stabitivatives for the



rocket are calculated, including rocket aerodynamic damping coefficients and the jet damping
coefficient from the rocket motor thrust during the powered flight phase.

A scale drawing of the rocket is produced by RASAg&tmased on the entered rocket geometry.
Extensive plots of the aerodynamic data for the rocket are produced, with the rocket aerodynamic
coefficients plotted versus Mach number and angle of attack. Extensive plotdligfhthe

simulation results are algwoduced, including the recovery phase of the flight

Entering a Rocket intoRASAero Il

Main Screen

To run the RASAero Il software, the User double clicks on the RASAécoril on the computer
desktop shown in Figure JAfter double clicking on th&ASAeroll icon on the computer
desktopthe RASAerdl Main Screerwill appear as presentéa Figure 2 For a new rocket the
userimmediately starts buildinthe rocket by selecting a nose cone, and then addingyatube

Fins and rail guides, launch lugs, or launch shoes are then added to the body tube. As will be
detailed in later sections, a fin canister baradded with fins mounted on the fin canister

boattail can be added at the dad thebody tube or one 0 two additionabooster stagecan be
added.

o

RASAero 11

Figure 1i RASAero lllcon on computer desktop.
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Figure 2i RASAeroll Main Screen.

As shown in Figure8 and 4 to load an old, previously saved rocket, or to load a file from the
previous RASAersoftware, click on <File>, and then <Open>, and then select the file to be
opened.
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Figure 3i Opening aife in RASAeroll.
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Figure 4i Opening a file in RASAero Il (continued).




Rockets saved on the previous RASAero software, saved as .#eXlcan be loaded into the
RASAero Il software, and then saved in the RASAero Il .CDX1 file format.

The Select Motor File feature will be described in the RASAero Il Rocket Motor Database and
the UserSelected RASP Motor File sections.

As shown in Figre § and as will be detailed in a latecgen, Rock®m rocket files (.RKT
format files) can be loaded into RASAero Il by selecting <Fiteen <Import>, and then
<RockSim> to load the Rock8 file.
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Figure 5i Importing a RockSimilfe into RASAerall.

Some example rockets are stored in the Examples direatting My Documents/RASAero I
directory.

After the input data for the rocket is entered, as will be detailed in later sections, or the input data
for a previously saved rocket is modifigde rocket can then be run to generate aerodynamic

data or to run the flight simulation. After the runs are completeghown in Figuse6 and &he

rocket can be saved by selecting <File>, and then <Save> or <Save gesre the rocket under

the oldname or a new name. All RASAero Il rocket files have the extension .CDX1, and are
stored in the /My Documents/RASAero Il directory.
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Figure 6i Saving aocket in RASAero Il
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Figure 7i Saving a rocket in RASAero Il (continued).



Nose Condnputs

To begin entering a new rocket into RASAero I, first the nose cone is entered by clicking on the

Nose Cone Icon as shownFigure 8 TheRASAeroll Nose @ne Inputswvhich are displayed

after clicking on the Nose Cone Icare shown in Fige 9 Theavailable nose cone shapes are

conical, tangent ogive, Von Karman ogive, power law;H&ack, parabolic, and elliptical. If

the power | aw nose cone is selected, then the p«
cone base diameter and length areeeed, and a blunt (sptical) nose tip can be added by

entering a nose tip radius. The inputs are saved by clicking on the <Save> button, or cancelled

by clicking on the <Cancel> button.

Figure 8 Nose Cone Icon.
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Figure 9i Nose Cone Inpts.

Body Tube, Finsand Rail Guide/Launch Lug/Launch Shoelnputs

Therocketbody tubes then added to the nose cdreclicking on the Rocket @ly Tubeand
Fins InpussIcon, as shown ifigure 10 Once the Rocketdgly Tubeand Fns Inputs lon has
been clicked on, the rockebBy Tube Fins, Rail Guide/Launch Lug/Launchh®eand
Protuberancénputswill appear as shown in Figure 11. The Protuberance Inputs will be
described in the Praberance Inputs section.
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Figure 10i RocketBody TubeandFins Inputs ton.
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Figure 11i Rocket Body Tibe, FinsRail Guide/Launch Lug/Launch Shaed
Protuberancénpus.
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The Fin Inputs button is then clicked on, to opes Fin Inputshown in Figure 12 If there are

no fins on the bodyube, the Fin Inputs button does not need to be clicked on, andsnwillibve
added to thdody tube The inputs are saved by clicking on the <Save> button, or cancelled by
clicking on the <Cancel>uton.

Figure 12 Fin Inputs.

Note onthe Fin Inputs shown in Figure 12 ADi. &&mond Airfoil irfblengt ho i s t
Leading Edge Diamond DAiamfomidl AL erd gti h ,irfhiemdyt dmD. E s
Trailing Edge Diamond Airfoil Lengttboth of which will be defineih the Fin Airfoil Inputs

section.

TheBody and Fin Inputs geometry detioins are presented in Figure. 18Il dimensions are in
inches.

Note in tie Fin Inputs in Figure 12&nd the Fin Inputgeometry definitions in Figre 13 that the

ADi stance from the base of the tube (in)o input
edge intersects tH®dy tube, and is the distance from the start of the fin to the bottom of the

body tube

The Fin Inputs are saved bicking on the <OK> button, or cancelled by clicking on the
<Cancel> button.
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