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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.



Eile Tools Options Help |
< oo &] 03 AddBooster | AeroPlots | Flight Simulation
1 2 3 4 5 6 7 a" o 10 11 12
1 2 3 4 5
‘Mach 000

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.



[ 500 1 e—————————————————eeeen <2 () |

File | Tools Options Help
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| Save Ctrl+S
Save As
Select Motor File
Import 3
= Print Ctrl+P
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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.

= - - T . TR U e T M
3 RASAero Il o 5 S|
File | Tools Options Help
4] Mew ctri+N [[ 3 AddBooster | AeroPlots | Flight Simulation

E  Open Ctri+0

Save Ctrl+5
Save As
Select Motor File

| Import + RockSim

& Print Ctrl+P
% Print Preview " " 4 5 6" -

Exit

1 2 2 4 5

'Mach 0.00

_Do

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.



File | Tools Options Help

New Crl+N D Add Booster | Aero Plots  Flight Simulation
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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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File Tools Options Help

< n Iﬂ o1 @ 3 4addBooster | AeroPlots | Flight Simulation

[ 5/ Nose Cone S
N C
.ose Oné Shape
Diameter (in) I 4.0000 m
Length (in) | 16.0000 Conical
ih " 3" 4" 5" Nose Tip 0.0000  Von Karman Ogive i 14" 15" 18"
Radius (in) Power Law
90 LV-Haack
Parabolic
Elliptical
1 Save
1 [ ] T
1 —
,2'
CP Location (in) = 7.46

_.n !

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.

11
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File Tools Options Help

<N ':::IE [ @ 3 AddBooster | AeroPlots | Flight Simulation

Tangent Ogive Nose &

CP Location (in) = 7.46

'Mach 0.00

Figure 10i RocketBody TubeandFins Inputs ton.

s/ Body Tube ERE

Diameter (in) | 4.0000 Rail Guide

Length (in) I 116.3125 [] Launch Lug
[] Launch Shoe

Diameter (in) I 0.25640
Height (in I 0.25640
Remove ant ()

Fins

ane

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 ogem 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.

Fins e ————————
Fin Count 3 | |
Raat Chord (in) 12,5000 AN I I
Span (in) 4.4000 AN | |
,

Tip Chord (in) 4.0000 ‘
Sweep Distance (in) 8.5000 \\“

A | |
Fin Thickness (in) 0.1250 \‘\
Distance from the_ 13.5000 \\
base of the tube (in)
Airfoil Section Hexagonal hd
L_E. Diamond Airfoil ’7
Length (in) 0.2500
T.E. Diamond Airfoil ’7
Length (in) 0.1250
Fin LE Radius (in) 0.0000

| oK | Cancel
Figure 12 Fin Inputs.
Note onthe Fin Inputs shown in Figure 12 ADi. &&mond Airfoi l

Leading

Edge

Di

amond DAiamfomidl

irfbile ngt ho

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

t he

tube

(in)o i

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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Sweep Distance (in)  Tip Chord (in)

Nose Cone Length (in) lBody Tube Diameter (in) Fin Span (in)

l :I
Root Chord (in) |
Bistance from Base of Tube (in)

N

Body Tube Length (in)

x|

Figure 13i Rodket Body and Finriputs geometry definitions

Fin Airfoil Inputs

The fin arfoils that can be selected RASAeroll are shown in Figures 14a throughd 4
Hexagonal, NACA, doublgvedge, biconvex, hexagonal bltlmdse, single wedgepunded, and
squareairfoils can be selectedBased on the airfoil selected, different airfoil geometry ia@ue
requiredwhich aredescribedn Figures 14a through &4 If a fin airfoil geometry input is not
needed for a particular airfoil, then that geometry inputndgtlbe displayed on the input screen
asno input is required (Example; for the NACA airfoil the only input required is the

thickness.) Te leading edge diamond airfoil length and the trailing edge diamond airfoil length
are measured parallel to the body tube.

Leading Edge Trailing Edge
Diamond Airfoil Length (in) Diamond Airfoil Length (in)

= — Measured at
TFin Thickness (in) /; i 5 Half-Span

Diamond Airfoil Lengths
Measured Parallel to Body Tube

Hexagonal Airfoil

3

C ———

| Fin Thickness (in)

Measured at Maximum
Thickness Point

NACA Airfoil

Figure 141 Fin airfoil types and airfoil input geometry definitions.
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Leading Edge
Diamond Airfoil Length (in)

— — ]
f w Measured at
Fin Thickness (in) Half-Span

Diamond Airfoil Length
Measured Parallel to Body Tube

Double-Wedge Airfoil

i3

- —

I Fin Thickness (in)

Biconvex Airfoil

Leading Edge
Diamond Airfoil Length (in)

= I /7 Measured at
TFin Thickness (in) Half-Span

Diamond Airfoil Length
Measured Parallel to Body Tube

Hexagonal Blunt-Base Airfoil

A 4

A

Fin Thickness (in)

Single-Wedge Airfoil

Figure 141 Fin airfoil types and airfbinput geometry definitionsGontinued)




: /7
C D)
TFin Thickness (in)

Rounded Airfoil

l ] /7
TFin Thickness (in)

Square Airfoil

Figure 141 Fin airfoil types and airféinput geometry definitions (Concluded).

A blunt (rounded) leading edge can be added to any airfoil, with the exceptions of the NACA and
Rounded airfoils which already have rounded leading edges, and the Square airfoil which
specifically has a nerounded leading edge. The blunt (rounded) leading edgeylindrical

section added to the leading edge of the airfoil, with the radius of the cylindrical blunt (rounded)
leading edge entered as the Fi (Leading Edge) Radius inpuEor a sharp (no bluntness) fin
leading edge, thEin LE (Leading Edge) Radk inputis left at the default value of zero.

Fin Airfoil Inputs with Varying Leading Edge and Trailing Edge Diamond Airfoil
Lengths

When a leading edgand/or atrailing edge diamond airfoil length is required as a fin airfoil
geometry input, and tHn leading edge and trailing edge diamond airfoil lengths vary along the
fin span, the average leading edge diamond airfoil length and the average trailing edge diamond
airfoil length are used as shown in Figure 1bthe fin thickness varies from thieot of the fin

to the tip of the fin, then the average fin thickeés used ashewn in Fgure 16

16



Leading Edge Trailing Edge
Diamond Airfoil Length (in) Diamond Airfoil Length (in)

Measured at
Half-Span

Diamond Airfoil Lengths
Constant Along Fin Span

Leading Edge Trailing Edge Leading Edge Trailing Edge Diamond
Diamond Airfoil Length (in) Diamond Airfoil Length (in) Diamond Airfoil Length (in) Airfoil Length (in)
< P
Measured at Measured at
Half-Span Half-Span
Diamond Airfoil Lengths Diamond Airfoil Lengths
Vary Along Fin Span Vary Along Fin Span
Enter Diamond Airfoil Lengths Enter Diamond Airfoil Lengths
Measured at Half-Span Measured at Half-Span
(Average Leading Edge (Average Leading Edge
Average Trailing Edge Average Trailing Edge
Diamond Airfoil Lengths) Diamond Airfoil Lengths)

Leading Edge
Diamond Airfoil Length (in)

b N

—_— ——
r Measured at
Fin Thickness (in) Half-Span
Double-Wedge Airfoil Max Thickness Enter Diamond Airfoil Length
Doesndét Have -Ghordbe Measured at Half-Span

Location Can Vary Along Fin Span

Figure 151 Average leding edge and trailing edge diamond airfoil lersgtkedwhen the fin
diamond airfoil lengths vary along the fin span.

Fin Thickness at Tip

>
i

Enter Average Fin Thickness (in)

—f

Fin Thickness at Root

Figure 167 Average fin thickness used when the fin thickneses from the rootfahe fin to
the tip of the fin.
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Adding Multiple Body Tubes

As shown in Figure 1, 7multiple body tubes can be addeda row oneachstage of the rockedty

clicking on the Rocket Body Tube and Fins Inputs Icon, as was shown in Figure 10, and adding a
body tube. When the body tube is added, the Fins Inputs Icon is not clicldihsaare not

added. Figure 13hows multiple body tubesdded in a row for the rocket body.

Eile Tools Options Help

< n I:@EG] @ I:]:J Add Booster Aero Plots | Flight Simulation

Tangent Ogive Nose Cone
16 in Body Tube

16 in Body Tube

84.3125 in Body Tube

“4 11" 22" 33" 44" 55" 66" 77" 88" 99" 110" 121" 132"

11"

-1

CP Location (in) = 7.46

-22"

_Dc‘

Mach 0.00

Figure 17i Multiple body tubes added in a row fitrerocket body.

Note that from an aerodynamic prediction standpoint having multiple body tubes in a row versus
one single bogtube of the same total lendtlas no effect on the aerodynamic predictions for the
rocket. Adding multiple body tubes can be used to build up the rocket from the iadlivatly

tube lengths which are plannedi® used, or to create a more representative drawing of the
rocket showinglte separation point for the recovery system, and the payload bay, as examples.

Note that every time a body tube is added, a set of fins can be added anchored to that body tube
by inputting fins for that body tube. Thus multiple sets of fins can be daddedingle stage

rocket, or each stage of a mestage rocket, by adding individual body tubes and inputting fins

for each of the body tubes.
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Rail Guide, Launch Lug and Launch Shoe Inputs

The RASAerdl software includes four options foocketlaunch guides:
a) Rail Guides
b) Launch Lugs
c) Launch Shoes

d) None. (Toweilaunched.)

To select a rail guide, the rail guide biexhecked as shown in Figure. 18

g Body Tube " ==y X

Diameter (in) 4.0000 Rail Guide

Length (in) 116.3125 [] Launch Lug
[] Launch Shoe

Diameter (in) 0.25640
— Height (in 0.25640
Remove ght (in
Fins —————
Protuberances

Save Cancel

Figure 18 Rail guide inputs.

The rail glideinputsgeometrydefinitionsare presenteith Figure 19 The rail guide diameter,

and the rail guide height measured to the top of the retaining screw, are entered. The diameter
and height for a single rail guideestered, the softwatbencalculates theail guidedrag based

on twoof therail guides being mounted on the side of the racket

19



Rail Guide Diameter (in)
Rail Guide Height (in)
(to Top of Screw Head)

Enter Diameter and Height
for One Rail Guide.
Program Models Drag

for Two Rail Guides.

Rail Guides

Figure 197 Rail guide geometry inputs.

To select a launch lug, the launch lug limehecked as shown in Figure. 20

-

[ =aEy X

a5 Body Tube P
-

Diameter (in) 4.0000 [[] Rail Guide

Length (in) 116.3125 Launch Lug
["] Launch Shoe

Diameter (in) 0.12500
Length (in 2.00000
Remove gth (in)
Fins

Save Cancel

Figure 20i Launch luginputs.

To select daunch shogthelaunch shodoxis checked as shown in Figure. 21

20



[ Sl

a3 Body Tube

Diameter (in) 4 0000 Rail Guide
Length (in) 116.3125 Launch Lug

¥| Launch Shoe

Remove
Fins ————
Protuberances

Save Cancel

Figure 21 Launch shoe inputs.

Launch lug and launch shoe geometiguts are presented in Figure 2Eor launch ligs the
outside diameteaind lengtiof asingle launch lug is entered.h& softwarghencalculateghe
launch lugdrag based otwo of thelaunch lugs being moted on the side of the rocketor
launch shoes the frontal area of a single launck gentered in square inchesheTsoftware
thencalculateghelaunch shoelrag based otwo launch shoesding mounted on the side of the

rocket.

Launch Lug Outside Diameter (in)
Enter Launch Lug Enter Frontal Area of
One Launch Shoe.

Outside Diameter.
Program Models Drag Program Models Drag
for Two Launch Lugs. for Two Launch Shoes.

Launch Lugs Launch Shoes

Figure 221 Launch lugand launch shoe geometry inputs.
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If the rocket is tower launeld (no rail guides, launch lugs launch shoes), thetone of the rail
guide/launch lug/launch shoe boxes ahecked, as shown figure 23

o' Body Tube =Nl X

Diameter (in) 40000 [] Rail Guide
Length (in) 116.3125 [] Launch Lug
["] Launch Shoe

Remove
Fins

Save

Cancel

Figure 23i No rail guides, launch lugs launch shoes (tower launched).

The rail guide/launch lug/launch shoe inputs are saved by clicking on the <Save> button, or
cancelled by clicking on the <Cancel> button.

When rail guides, laundigsor launch shoes have been added todbkat; rail guides, launch
lugsor launch shoes will be added to the rack®wing, as shown in Figure 24

22



220

1

-1 Rail Guides

1

CP Location (in) = 44.11, 85.67

-2

22h n- 22" 23" 44" 55" 66" 77" sa" ag” 110" 121" 132"

11"

-11"

Launch Lugs

CP Location (in) = 44.11, 85.67

-2

220 1" 22" 23" 44" 55" 66" 77" a’" Qg™ 110" 121" 132
11"

=== —— = RS- =5
hat \ Launch Shoes /

CP Location (in) = 44.11, 85.67

Figure 24i Rail guides, launch lugand launch shoes displayed on the rocket drawing.
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Protuberance Inputs

The RASAero Il software includes four options for Protuberance Inputs:
a) Streamlined No Base Drag
b) Streamlined With Base Drag
¢) Inclined Flat Plate

d) None.

The Rotuberancenputsare made byglicking on the Protuberances button shown in Figure 25,
which opens the Protuberance Inputs shown in Figure 26.

a5 Body Tube — | (O] |-

= - |

Diameter (in) 4.0000 Rail Guide

Length (in) 116.3125 [] Launch Lug
["] Launch Shoe

Diameter (in) 0.25640
Height (in 0.25640
Remove ght (in)
Fins

Save Cancel

Figure 25/ Protuberances button to acc@sstuberance Inputs.
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a5 Protuberances - e =a=l X

Frontal Area (in"2)

Streamlined - No Base Drag 4.000
Streamlined - With Base Drag 3.000
Plate Angle (deq) Frontal Area (in"2)
(From Body Tube)
Inclined Flat Plate 27.368 0375
Inclined Flat Plate [ 45000 0.50

Save Cancel

Figure 26/ Protuberance Inputs.

The plate angle of the inclined flat plate is measured from the body tube in degrees. It is the
angle between the flat plate and the body tulléch will be less than 90 degAlthough the
RASAero Il software allows a plate angle input of up to 90 deg, a vertical flat paEgte

angle of zeralegis the flat plate lying on the body tube, i.e., the flat plate is parallel to the body
tube.

Note hat protuberances can be added for eadly lbube and fin canister on the rocket. (The fin
canister will be described in the Fin Canister Inputs segtion.

If there are multiple StreamlinédNo Base Drag Btuberancesn a particular body tube or fin
canister on the rockethe frontal areasf all the Streamlined No Base Drag Btubeances are
added up for the totdétontal areavhich is entered in the Protuberance Inputs shown in Figure
26. The same is done if there are multiple Streamiinatth Base Drag Protuberances on a

given body tuk or fin canister. For multiple Inclined Flat Plate Protuberances, the frontal areas
are also added up for the total frontal area, but the frontal areas beinguachdest be for

inclined flat plates with the same plate angle.

For no protuberances, tleotuberance Inputs are simply not accessed, and no protuberances are
entered.

The Protuberance Inputs are saved by clicking on the <Save> button, or cancelled by clicking on
the <Cancel> button.

Once protuberances have been entered, the protuberandas reanoved by clicking on the

Remove Protuberances button shown in Figure 27, which appears after protuberances have been
entered and savedrhis will remove all of the protuberances on that body tube or fin canister,

but will not remove protuberances other body tubes and fin canisters.
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4! Body Tube S
e B

Diameter (in) I 4.0000 Rail Guide

Length (in) I 1163125 ["] Launch Lug
["] Launch Shoe

e Diameter (in) I 0.25640
Height (in I 0.25640
Remove dH
Fins

Remove
Protuberances

Gance

Figure Z i Remove Protuberance button

Examples ofhe different protuberance types are described in the paragraphs and figures which
follow.

Streamlined No Base Drag Protuberances are protuberances witbaarsined front end and a
streamlined or boattailed aft end. An example is a missile racewayCorporal missilshown
in Figure 28.

! P:
- / .

Figure 28" Example Streamlinetl No Base Drag Protuberan@nissile raceway.
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Streamlined With Base DradgProtuberances are protuberances with a streamlined front end, but
a blunt (fla) back end which has base drag. An ullage rocket cover 8A\AB stageon a

Saturn IBlaunch vehicleshown in Figure 29, is a good example &teeamlined With Base
DragProtuberance

Figure 297 Example Streamlined With Base Dag Protuberance,
ullage rocket cover on-B/B stage on Saturn IB launch vehicle.

Camera shrouds, like the Cineroc camera shroud shown in Figucar8benodeled as a
Streamlined With Base Drag Protuberance.

Figure 30i Cineroc camera shroud, modeled as a Streamiingdh Base Drag Protuberance.
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An example of Inclined Flat Plate Protuberances are fin brackets, shown in Figure 31. The angle
of the front inclined flat plate, measuresative to the body tube, is inputted as the plate angle.

The frontal areas of all of the fin brackets are added up for the total frontal area, which is entered
with the plate angle as the Protuberance Input for the fin brackets.

Fin Brackets

,‘ ,.'-:¢.~."‘;_4 AT S ey ?
i B e i e 57T

Figure 311 Example Inclined Flat Plate Protuberances, fin brackets.

When Streamlined No Base Drag, Streamlinédwith Base Drag or Inclined Flat Plate
Protuberances have been added to the rocket; Streamlde&8ase Drag, StreamlinédWith
Base Drag or Inclined Flat Plate Protuberance symhitlise added to the rockerawing, as
shown in Figure 32.
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6’ 12 18 24 30" 36 42 43! 54 60" 656"
,,,,,,,,,,,,,,,,,,, ®_
L. © ,
\ T~ ]
Streamlined i No Base Drag
cP Location (in) - 52.87 Protuberance
6’ 12 18 24 30" 36 42 43! 54 60" 66"

Streamlined 7 With Base Drag
Protuberance

CP Location (in) = 52.87

60" 66"

Inclined Flat Plate
Protuberance

CP Location (in) = 52.87

Figure 32i Streamlined No Base Drag, Streamlinédwith Base Drag and
Inclined Flat Plate Protuberances displayed on the rocket drawing.
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Transition Inputs

A transition can be added to a body tube by clicking on the ifi@ng&con as shown in Figure
33. The Transition Inputs aréaewn in Figure 34with a rocket with a completed transition
input and a body tube entered afte transition shown in FiguRs.

File Tools Options Help

—:@ @ [[:] Add Booster | Aero Plots | Flight Simulation

Tangent Ogive Nose Cone \
50in Body Tube

CP Location (in) = 5.59

Figure 33 Transition Icon.
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File Tools Options Help

< Iﬂ o @ T3 AddBooster | AeroPlots  Flight Simulation
f o (5]

Tangent Ogive Nose Cane o) Transition
50in Body Tube
Length (in) 4
Front Rear

Diameter (in) I 3 Diameter (in) I Z|
55" 60"

5" " 1" 20

-5

CP Location (in) = 5.59
-10"

o
4 . ‘ .
Mach 0.00

Figure 34i Transition Inputs.

File Tools Options Help

< Iﬂ o @ 01 AddBooster | AeroPlots | Flight Simulation

Tangent Ogive Nose Cone
50in Body Tube

4in Transition

501in Body Tube

CP Location (in) = 31.19

Figure 351 Completed Transition Input.
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Fin Canister Inputs

A Fin Canister can be added tbady tubeby clicking on the Fin Canister Icon as shown in
Figure36. The Fin Canistemputs are shown in Figure 3#ith the Fin Canister geomsgtr
definitions shown in Figure 38

= - -
4 RASAero I

File Tools Options

Help

< =4 I:E_’_]:I Add Booster | Aero Plots | Flight Simulation

Tangent Ogive Nose Cone
116.3125in Body Tube

N

220 1"

1

22" 33" 44" 55" 65" 77" ag"

99" 110" 1z1" 132"

-11"

CP Location (in) = 7.46
'

Figure 36 Fin Canister Icon.
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ASAero I

File Tools Options Help
< =g ah & O3 AdéBooster | AeroPlots Flight Simulation
Tangent Ogive Nose Cone 85 FinCan R B u—lﬁ:—ij‘: =]
116.3125in Eodi Tube
Rail Guid
Inside Diameter (in) 40000 g all laude
Launch Lug
4.2500
Outside Diameter (in) [ Launch Shoe
“A 1" 22" Length (in) 14.5000 99" 110" 121" 132"
Shoulder Length (in) 02415
11"
=1 SOSEes e B
1
o1
Save ] [ Cancel
-11"
CP Location (in) = 102.79
-22"
o 1 2 3 4 5
*
Mach 0.00
b e— — —
Figure371 Fin Canister Inputs.
Sweep Distance (in)  Tip Chord (in)
Fin Span (in)
Nose Cone Length (in) lBody Tube Diameter (in)

Yy

| la
I‘

Root Chord (in) Fin Canister

Diameter (in)

Ll
i Fin Canister Length (in)
Fin Canister
Shoulder Length (in)
dl | -
- Ll

Body Tube Length (in)

Figure 38’ Fin Canister geometry definitions.

Note as shown in Figure 38e bottom of the fin canister is at the bottom oflibdy tube the
fin canister length then defines the location of the fin ¢anghoulder. Note in Figure 37at

there is a Fin Inputs button on the fin canister input screen, the Fin Inputs button is clicked on to

enter the Fin Inputs for the fins whialne mounted to the fin canister.

The Fin Canister Inputs are saved by clicking on the <Save> button,calledrby clicking on
the <Cancel> button.
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Boattail Inputs

A boattail can be added to the bottom of the rocket by clicking on the Boattail Icon as shown in
Figure39. The Boattail Inputs are siva in Figure 4Qwith the Boattail geomst definitions
shawn in Figure 41

File Tools Options Help

< H I:@ o[ @ddBcuster Aero Plots | Flight Simulation

Tangent Ogive Nose Cone Rocket 1
116.3125 in Body Tube

Motor: 010000 (Hist)
Loaded Wt. (Ib) 70

55" 66" 77"

CP Location (in) = 102.25

1

Figure391 Boattail Icon.
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Eile Tools Options Help

< p Iﬂ o1 @ [ 3 AddBooster | AeroPlots | Flight Simulation

Tangent Ogive Nose Cone [ ol BoatTail p—— = g‘
116.3125 in Body Tube
Length (in) | 4.0000
Front Rear
241 12" 247 - Diameter (in) 4.0000 Diameter (in) I 25000

CP Location (in) = 98.05

-24)
0 1 2 3 4 5
)
' 'Mach 000 ; '
Figure40i Boattail ihputs.
lBody Tube Diameter (in) Boattail Length (in)
Boattail
I Base
Diameter (in)
le 4 |
I‘

Body Tube Length (in)

Figure41i Boattail geometry definitions.

The Boattail Inputs are saved by clicking on the <Save> button, or cancelled by clicking on the
<Cancel> button.
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Editing, Inserting or Deleting Rocket Components

Rocket components which have already been entered can be edited by double clicking on the
rocketcomponentn the upper lefhandrocket componertox, which will open the inputor

that rocket component, as shoimrFigure 42 By clicking the righthandmousebuttonon the
rocketcomponentn the upper lefhand rocket component bake Edit, Insert, or Delet®cket
component optionwill be displayedasshown in Figure 43

File Tools Options Help

<n Iﬁ I:E:]:I @ D Add Booster | AeroPlots  Flight Simulation

Tangent Ogive Nose Cone ’ny FinCan B == g1
116.3125in Bodi Tube
Rail Guide
Inside Diameter (in) 4.0000 -
] ) 25200 [] Launch Lug
QOutside Diameter (in) g [E] Launch Shoe
200 11" 22" 33" 44| Length (in) 14.5000 U 1z1" 132"
Double Click on Shoulder Length (in) 0.2415
Rocket Component
Rocke_t Cqmponent i
Input is Displayed > ‘
=" _ _ _ <| ,,,,,,,,,, l Save ] [ Cancel - F _
——— ]
— ]

-1

CP Location (in) = 102.79

1

Figure 421 Double clicking on rocket component to edit rocket component.
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File Tools Options Help

< I:@I:C:II @ 0" AddBooster = Aero Plots | Flight Simulation

Tangent Ogive Nose Cone Full Metal Jacketi
116.3125in Body Tube
Edit

Insert v Motor: 010000 (Hist)
Loaded Wt. (Ib) 70

Delete

11" 22" 33" 44" 55" 66" 77" aa" 99" 110" 121" 132"

22"

11"

-1

CP Location (in) = 102.79
-2

1 2 3 a 5

'Mach 0.00

_'n

Figure 43 Edit, Insert, or Delete options for rockedmponents.

If the Edit option is selected, the input for the rocket component will be opened, andkbe r
component can be edited.

If the Delete option is selected, the user will be asked to confirm that the selected rocket
component should be dedet as shown in Figure 44, and then the rocket component will be
deleted.

If the Insert option is selectethe user then selects whicocket component type to insert, as

shown in Figure 45. Theomponent will be inserted aheadtbé original componenwhich the
right-hand mouse button was clicked on, which is highlighted, as shown in Figure 45.
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File Tools Options Help

< I:@ ECII @ I:[D Add Booster | Aero Plots | Flight Simulation

Tangent Ogive Nose Cone Full Metal Jacketi

116.3125in Eodi Tube

Motor: 010000 (Hist)
Loaded Wt. (Ib) 70

P

11" 22" 33" 44" 55" 66" 77" 88" 99" 110" 121" 132"

11"

. .
RASAerc II e |

Q=" — - _}V _ e
+ Are you sure you wish to delete the Highlighted part? J%_l

w v |

CP Location {in) = 102.79

Mach 0.00

Figure 44i Delete option; confirming that the selected rocket component should be deleted.

File Tools Options Help
< =g o’ & M AddBooster | AeroPlots Flight Simulation
Tangent Ogive Nose Cone Full Metal Jacketi
1163125 in Body Tuke
14 5in FinCan Edit
Insert »
| Body Tube Mator: 010000 (Hist)
Delels Transition Loaded Wt. (Ib) 70
I Boattail
20k 11" 22" FinCan 55" 66" 77" 88" 99" 110" 121" 132"
11
o= T T e S --
—
-11"
CP Location (in) = 102.79
-22"
'] 1 2 3 4 5
® . . . ‘ .
Mach 0.00

Figure457 Insert options for rocket components.
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Adding a Booster Stage with a Nested Upper Stage

On many two stage high power rockets, the upper stage mounts into the booster stageyby ha
the upper stage motor cametend beyond the bottom of the upper stage, so that the motor case
slides into the fronof the booster stage(Sometimes with a sleeve on the motor cas@)spart

of the upper stage is nested within the booster stage, with part of the upper stage (the portion of
the motor case extending below the bottom of the upper stage) not expokdtewpgper stage
separates from the booster stage. This is known as a nested upper stage, which the RASAero Il
software can handle using the inputs described below.

To add a booster to a nested upper stiggt a very slight boattail is added to theper stage.
The length of this very slight boattail is the length of the upper stage which will nest within the
front of the booster stage.

Figures 4648 show the very slight boattail being added to the upper stage thidtthe boattail
reardiameteris only 0.01 inches ks than the boattail frodiameter.

File Tools Options Help
<h Iﬁ a1 @ [T AddBooster  AeroPlots | Flight Simulation
Von Karman Ogive Nose Cone AeroPaci1 04KStageTwo—2
48in Body Tube
Motor: M685W-Proto (AT), N1048 (AT)
Loaded Wt. (Ib) 22.79, 61
100 5" " 15" 20" 25" 30" 35" 43" 45" 50" 55" 0" 6
5
= — - — = — = — — — — |- — — — = — — — — — — — —— — — — — — G Sty — = — —
_5'
CP Location (in) = 44.11, 83.42
-10"
0 1 2 3 4 5
*
Mach 0.00

Figure 461 Upper stage before addition of vetight boattail.
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dd Booster  Aero Plots  Flight Simulation

r 9
Von Karman Ogive Nose Cone o) BoatTail el - ~'- b | E‘@g
48 in Body Tube
Length (in) 55000
Front Rear

Diameter (in) 3.0800 Diameter (in) 3.0700 f s5n b .

CP Location {in) = 44.11, 83.42

-10"

_.o

Mach 0.00

Figure 47 Very dight boattail being added to upper stage.
Note that rear diameter of boattail is only 0.01 inchestless front diameter of boattail.

File Tools Options Help
< h = & [ AddBooster | AeroPlots | Flight Simulation
Von Karman Ogive Nose Cone AeroPaci04 KStageTwo_z
48in Body Tube
5.5 in Boattail
Motor: M685W-Proto (AT), N1048 (AT)
Loaded Wt. (Ib) 22.79, 61
6’ 12" 18" 24" 30" 38" 42" 48" 54" 60" 66"
6
e e . —— ———t
6"
CP Location (in) = 44.07, 83.42
o 1 2 2 4 5
®
Mach 0.00 '

Figure 48/ Upper stage with veryight boattail added.
Very dight boattail will be portion of upper stage that will nest within booster.
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The aerodynamic prediction methods in RASAero Il will treat this very digattail as a
boattail, but the boattail is so slight (the rear diameter is only 0.01 inches less than front
diameter) that from an aerodynamic prediction standpoint the very slight boattail will be
equivalent to adding an extra body tube section.

The boater stage is then added to the rocket by clicking on the Add Booster button as shown in
Figure 49 with the Booster Inputs shown in Figure 50.

In the RASAero Il nomenclature for a two stage rocket, the upper stage istbalkdstainer
stage, and thedoster stage isalledthe booster stage. As will be presented in the Aero Plots
and Flight Simulation sections, the aerodynamic data and portions of the flight simulation for
each stage will be labelegSustainer and Booster.

File Tools Options Help

<h Iﬁ o1 @ [l AddBooster JAeroPlots = Flight Simulation
Von Karman Ogive Nose Cone —.
et AeroPac104KStageTwo-2

5.5 in Boattail

Motor: M685W-Proto (AT), N1048 (AT)
Loaded Wi. (Ib) 22.79, 61

6" 13" 18" 24m 30" 36" 42" 48" 54m 60" 66"

CP Location (in) = 44.07, 83.42

A‘D

Mach 0.00

Figure 497 Add Boacster button for adding a booster stage.
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ASAero Il

File Tools Options Help

< I:@EC]:I @ I:[D Add Booster  Aero Plots  Flight Simulation

Von Karman Ogive Nose Cone
48 inBody Tube
55 in Boattail

63.75 in Booster

P

11" 22" 33"

11"

-1

CP Location {in) = 44.07, 83.42

110" 121"

@' Booster o — - == é
[ Rail Guide
3.0800 [] Launch Lug
Outside Diameter (in) 4.0500 Launch Shoe
Length (in) 62.0000
Transition Length (in) 17500 Area (in"2) 003310
Rear Diameter (in) 0.0000
Boattail Length (in) 0.0000
2 3
Mach 0.00 '

Figure 50i Booster Inputs.

Again rote that when a booster stage has been addiedocketthe original rocket becomes the

sustainer stage.

For the Booster Inputs, all of the inputs used for a regiaie stage rocket are repeated. Note

in Figure 50 that the diameter of the previous stage is graye(lhe front diameter of the

boattail), as the diameter is already set by the previous stage which has already been entered.
The diameter of the boaststage is then entered, and if the booster stage diameter is different
than the previous stage diameter the transition length is entered for the conic transition between
the two stages. If the two stages have the same diameter, the transition langtisagpears as

it is not needed (no transition is required).

Figure 51 shows the two stage rocket (sustainer and booster), with the nested sustainer stage,
with the Add Booster Inputs completed.
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File Tools Options Help
<h Iﬁ a1 @ [ 73 AddBooster = AeroPlots | Flight Simulation
Von Karman Ogive Nose Cone AeroPac104KStageOne&Two-2
48in Body Tube
5.5 in Boattail
63.75 in Booster
Motor: M685W-Proto (AT), N1048 (AT)
Loaded Wt. (Ib) 22.79, 61
“4 11" 22" 33" 44" 55" 66" 7 88" 99" 110" 121" 132"
1"
=== oo o-®----==- T F-—-® @ ----------=---- g----
-11"
CP Location (in) = 44.07, 83.42
-2
o 1 2 3 4 5
®
Mach 0.00

Figure 517 Two stage (sustainer and booster) rockét) nested sustainer stage,
with Add Booster Inputs completed.

Note in Figure 51 that the booster starts at the top of the very slight boattail, and the very slight
boattail is the portion of the sustainer stage which is nested in the booster.

A booste stage is treated as a rocket component, and can be edited by double clicking on the
booster component in the upper {efind rocket component box, which will open the Booster
Stage Inputs. Or, by clicking the righ&tnd mouse button on the booster congu in the upper
left-hand rocket component box, the booster stage can be edited. By clicking tandht
mouse button on the booster component in the uppendefl rocket component box, the

boosted stage can be deleted.

A good technique for chealq that the nested sustainer (upper) stage has been implemented
correctly is, without saving the file, to remove (delete) the booster and see from the Rocket
Drawing what the sustainer (upper) stage looks like, to make sure it has the correct configuration
This is shown in Figures 52 and 53. Again, after removing (deleting) the booster, do not save the
file. (Or perform this test on a copy of the file.)
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File Tools

< Iﬁ o [1 @ [] 7 AddBooster | AeroPlots | Flight Simulation

Options

Help

88" 99" 110" 121"

Von Karman Ogive Nose Cone AeroPac104KStageOne&Two-2
43in Body Tube
5.5 in Boattail
"
Edit Motor: M685W-Proto (AT), N1048 (AT)
Insert 4 Loaded Wt. (Ib) 22.79, 61
A} i Delete
| 11" 22" \ 33" q4" 55" 66" 77"
11"
=== [ -------- ®--o-----— T1--=&-
-1
CP Location (in) = 44.07, 83.42
-22"
o 1 2 3
®
Mach 0.00

Figure 52i Check that the nested sustainer configuration is correct by deletibgdkter stage.

(Do not save the file after performing this check, or perform this check on a copy of the file.)

Eile Tools Options Help

<P Iﬂ o1 @ [ 71 AddBooster | AeroPlots Flight Simulation

4.0

Mach

Von Karman Ogive Nose Cone AeroPac104KStageOne&Two-2
48in Body Tube
5.5 in Boattail
Motor: M685W-Proto (AT), N1048 (AT)
Loaded Wt. (Ib) 22.79, 61
[ 12" 18 24" 30" 36" 42" 48" 54" 60" 66"

6

o &5 & .
6"

CP Location (in) = 44.07, 83.42

Figure 53 Check complete; booster deleted, sustainer remains, sustainer configuration is

correct.
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Adding a Booster Stage that Does Ndi#lave a Nested Upper Stage

When a booster stage is added that does not have a nested upper stage, the booster stage is added
to the rocket by clicking on the Add Booster button as shown in Figure 54.

File Tools Options Help

< Iﬂ:{:j] @ [[ —& Add Booster JAeroPlots | Flight Simulation

|Von Karman Ogive Nose Cone | \ AeroPac104KStageTwo

48in Body Tube

Motor: M685W-Proto (AT), N1048 (AT)
Loaded Wt. (Ib) 22.79, 61

10" 5" " 15" 20" 25" 30" as" 43" 45" 50" 55" so" @

CP Location (in) = 44.11, 83.42

-10f"

1 2 3 a 5

Mach 0.00

AOD

Figure 54i Using Add Booster button to addbocster stage.

Typical Booser Inputs are shown in Figure.55
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File Tools Options Help

< Iﬁ@ @ I:[D Add Booster | Aero Plots  Flight Simulation

Von Karman QOgive Nose Cone [ a-' Booster — ——d - == i:h 1
48in Body Tube -
[] Rail Guide
3.0800 [] Launch Lug
Outside Diameter (in) 40500 Launch Shoe

99" 110" 121"

11" 22" 33"
Length (in) 60.0000
Transition Length (in) 1.7500 Area (in"2) 0.03310

Rear Diameter (in) 0.0000 /7
Ol==—- - - — i‘ _________ Boattail Length (in) o000 Tz ====- }_ -

-11"

CP Location (in) = 44.11, 82.38

A’O

Mach 0.00

Figure 55 Typical Booster Inputs.

In addition to high power rockets which may not have a nested upper stage, adding a booster
stage that does not have a nested upper stagedswhen running launch vehicles on RASAero

Il to generate aerodynamic data for ascent to orbit trajectory simulations, which will be described
in the later Running a Launch Vehida RASAero Ilto Generate Aerodynamic Data for Ascent

to Orbit TrajectorySimulations section. The separation plane between stages on a launch
vehicle ardypically modeled as a nenested upper stage with a booster added.

Again rote that when a booster stage has been added, the original rocket becomes the sustainer
stage.

For the Booster Inputs, all of the inputs used for a regular single stage rocket are repeated. Note
in Figure 55that the diameter of the previous stage is graygdthe diameter is already set by

the previous stage which has already been entered)iatinetér of the booster stage is entered,

and if the booster stage diameter is different than the previousdséageterthe transition

length is entered for the conic transitionveeen the two stages. If the two stages have the same
diameter, the trantbn length input disappears as it is not needed (no transition is required).

Figure 56shows a twastagerocket (sustainer and booster) with a m@sted upper stagetv
the Add Booster Inputs completed.
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File Tools Options Help
<h Iﬁ a1 @ [ 73 AddBooster AeroPlots | Flight Simulation
Von Karman Ogive Nose Cone AeroPac104KStageOne&Two
43in Body Tube
61.75in Booster
Motor: M685W-Proto (AT), N1048 (AT)
Loaded Wt. (Ib) 22.79, 61
11" 22" 33" 44" 55" 65" 77" 8g" 99" 110" 121"

11"

s T e e s I
-11"

CP Location {in) = 44.11, 82.38
o 1 2 3 4 5
*
Mach 0.00 '

Figure 56i Two stage(sustainer and booster) rocket with a mm@sted upper stageth Add
Booster Inputs completed.

A booster stage is treated as a rocket component, and can be edited by double clicking on the
booster component in the upper {kfind rocket component baxhich will open the Booster

Stage Inputs. Or, by clicking the righand mouse button on the booster component in the upper
left-hand rocket component box, the booster stage can be edited. By clicking tianidht

mouse button on the booster comporiarhe upper lefhand rocket component box, the

boosted stage can be deleted.

As before a good technigue for checking that the sustainer (upper) stage has been implemented
correctly is, without saving the file, to remove (delete) the booster and seth&rdtocket

Drawing what the sustainer (upper) stage looks like, to make sure it has the correct configuration.
This is shown in Figures 57 and 58. Again, after removing (deleting) the booster, do not save the
file. (Or perform this test on a copy oftfiile.)
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File Tools Options Help

< Iﬁ@ @ D Add Booster | Aero Plots | Flight Simulation

Von Karman Ogive Nose Cone AeroPac104KStageOne&Two
48 in Body Tube
61.75 in Booster
Insert » Motor: M685W-Proto (AT), N1048 (AT)
‘ Delete Loaded Wt. (Ib) 22.79, 61
11" 22" 33" 44" 55" 66" 77" 88" 99" 110" 121"
1"
e e e s e " -
-1
CP Location (in) = 44.11, 82.38

4'0

Mach 0.00

Figure 57i Check that the sustainer configuration is correct by deleting the booster stage.

(Do not save the file after performing this check, or perform this check on a copy of the file.)

File Tools Options Help

< I:@EC:]:I @ D Add Booster  Aero Plots | Flight Simulation

[Von Karman Ogive Nose Cone | AeroPac104KStageOne&Two
48in Body Tube

Motor: M685W-Proto (AT), N1048 (AT)
Loaded Wt. (Ib) 22.79, 61

10" 5" 16" 15" 20 25m 307 35" ag" a5m 50" £5n sa"

CP Location {in) = 44.11, 82.38
-10"

A.D

Mach 0.00

Figure 58 Check complete; booster deldtesustainer remains, sustainer configuration is

correct.
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RASAero Il can handle up to three stages (sustdiheosteri booster). A completed three
stage rocket ishown in Figure 59

File Tools Options Help

< Iﬂ@ @ I:[::] Add Booster | Aero Plots | Flight Simulation

Von Karman Ogive Nose Cone Three Stage Rocket
83in Body Tube

80.5in Booster
65 in Booster

Motor: N1100 (CTI), N5800-CS (CTI), NADOOBB (AMW)
Loaded Wt. (Ib) 53.94, 89.63, 150

105" 126" 147"

CP Location (in) = 85.36, 126.01, 184.9

1

Figure 59 Threestage rocket (sustaingmooster- boosterlentered into RASAero Il.

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 caeedfits for use in other flight simulation programs
for orbital rockets.

Running an Orbital Launch Vehicle on RASAero Il to Generate Aerodynamic Data
for Ascent to Orbit Trajectory Simulations

While RASAero Il currently does not run ascent to orbit tigees, RASAero Il can be used to
generate aerodynamiata for orbitalaunch vehicle configurations. The RASAero Il predicted
aerodynamic coefficients can be used as inputs for other flight simulation programs for orbital
launch véicles for ascent torbit trajectories.

RASAero Il can be used to run trajectories for the lower stages of orbital launch vehicles to
compare the actual deltafrom RASAero Il to the ideal dekafrom the Tsiolkovsky ideal
rocket equation, to determine the deltlsses @ravity and dradosses) for the lower stages.
Once these delalosses have been determined, they can be used in hand calculations or
spreadsheets to subtract the deltasses from the ideal deltefor each stage, to come up with
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an estimate for thtal deltav for the lower stages. The ideal deltaan then be calculated for
the upper stages (which can have small or negligible-ddtisses compared to the ideal delta
v), to come up with an estimate for the payload to orbit of the launch vehicle

The Minotaur | orbital launch vehicle, and the Minotaur | orbital launch vehicle modeled in
RASAero Il to obtain aerodynamic predictidata, are presented in Figure 60
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Figure 60i Minotaur | orbital launch vehicl@andMinotaur | orbital launch vehicle modeled in
RASAero Il to obtain aerodynamic predictidata.

As a note when an orbital launch vehicle Inaultiple nozzles (multiple liquid rocket engine
nozzles, or as on the Minotaur | a single solid rocket naidgtagel with multiple nozzles), the
nozzle exit areas of the multiple nozzles are added up to obtain the total nozzle exit area, and
then thistotal nozzle exit area is converterla single nozzleith the same nozzle exit aremd

then thenozzle exit diametdior this single nozzle isntered into RASAero Il for the stage for

the poweron drag cofficient calculations.

Note that aerodynamitata can be generated for an orbital launch vehicle in RASAero Il without
entering any Center of Gravity (CG) data. After the rocket geometry data is entered, on the

Rocket Drawing the Center of Pressure (CP) for each stage will be éipbay no CG W be
displayedas shown in Figure 60.

The first stages oflaost allorbital laurch vehicles havao fins, but forabooster stage
RASAero Il requires fins to be entered. In general on RASAero Il for each body tube fins do not
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need to be added, anctthustainer stage can have no fins if a very forward Center of Gravity
(CG) is entered sthatthe rockewill be aerodynamically stable amlduswill run onthe

RASAero IIFlight Simulation But RASAero Il requires fimto be added to booster stagese Th
solution is to enter very small fins to the booster, shown for the Minotaur launch vehicle in
Figure 61. From an aerodynamic prediction standpoint these very small fins ieglggible
effect on the predicted aerawymics for the launch vehicl&.o run the launch vehicle ahe
RASAero IIFlight Simulationthe launch vehiclenust be aerodynamically stable, so with the
very small fins on the boostewary forward CGor the boostemust be entece

File Tools Options Help
<h Iﬂt(:j] @ [ 71 AddBooster AeroPlots | Flight Simulation
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86.08 in Body Tube &
5369 in Body Tube A S 4
100.81in Body Tube
329.43 in Booster Root Chord (in) 0.0100
Outside Diameter| | Span (in) 0.0100
63" 653" 751
Length (in) Tip Chord (in) 0.0100
Transition Length Sweep Distance (in) 0.0100
6al Fin Thickness (in) 0.0100
Distance from the 0.0100
Boattail base of the tube (in)

of — —/

Ql - Boattail Length (in| B

63l [E' Fin LE Radius (in) 0.0000

/: Rear Diameter (in]|  Airfoil Section ~ Biconvex -
| )
A -

ok | [ cancel

CP Location (in) = 4% — — —

1 2 3 a 5

Mach 0.00

A‘D ‘:

Figure 611 Minotaur | orbital launch vehiclerery small fins added to booster (Stalge
as RASAero Il requires fins on the booster.

For a trajectory to be run for the launch vehicle on the RASAero Il Flight Simulation CG data
must be entered for each stage, and each stage must have the CG #ie@&dPofAs the actual
launch vehicle will be actively stabilized with a guidance system, it will not be aerodynamically
stable. To run the launch vehicle on the RASAero Il Flight Simulation, a very forward CG must
be entered for each stage to ensuredghah stage of the launch vehicle will be aerodynamically
stable.

It is also important to have No Wind in the Launch Conditions Inputs when running an orbital
launch vehicle trajectory on RASAero Il. This will have the orbital launch vehicle fly the
trajectory at zero degrees angle of attack, and the RASAero Il dynamics models will be turned
off, as they are not applicable as the actual launch vehicleevdkttively stabilized with a
guidance system.
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Additional RASAero Il Inputs

Equivalent SandRoughness (Surface Finish) Input

The surface roughnessttie rocket can be specified using the Equivalent Sand Roughness
(Surface Finishinput. The RASAero Il Equivalent Sand Roughness (Surface Finish) Input,
which is located under the @pns Tab, isshown in Figure 62

i RASAero Il
File Tools | Options | Help
<n I:@ Launch Site Aero Plots | Flight Simulation
Mach-Alt
Recovery
Tangent Ogive Full Metal Jacket1
1163125 in Bod All Turbulent Flow
14.5in FinCan Rogers Modified Barrowman
Surface Finish Y Smooth (Zero Roughness)
Comments - ——
Polished
220 11" 22" 33" 44" Sheet Metal 8" 99" 110" 121" 132"

Smooth Paint
Camouflage Paint
Rough Camouflage Paint
11 Galvanized Metal

Cast Iron (Very Rough)

=T e - - fe——-
]
-1
CP Location (in) = 102.79
-22"
0 1 2 E a 5

'Mach 000 ‘ '

Figure 62 Equivalent Sand Roughness (Surface Finish) Input.
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The default input is Smooth (aerodynamically smdozero roughness). Varying levels of
surface roughness can be entered by using thelpwih menu. Thequivalent sand roughness
for each level of smoothness which can be entered is preseritatle 1

Equivalent Sand Roughness Equivalent Sand Roughness (in)
Surface Finish Selection

Smooth (Zero Roughness) 0.0
Polished 0.00005
Sheet Metal 0.00016
Smooth Paint 0.00025
Camouflage Paint 0.0004
Rough Camoflage Paint 0.0012
Galvanized Metal 0.006
Cast Iron (Very Rough) 0.01

Table 1i Equivalent sand roughness for a given surface finish selection.
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Rogers Modified Barrowman Method Option

Underthe Options Tab on thRASAeroll Main Screerthe option isavailable to seleche
Rogers ModifiedBarrowman Method for subsonierger of pressie.

The default for the subsonic center of pressure calculations is the Barrowman Method as
documented in CentuReport TIR33. If the Rogers Modified Barrowman Method is not
checked, then the Barrowman Method will be used for the subsonic center of pressure
calculations.

Figure 63shows the Rogers Modified Barrowman Method Not ChecKBlbt Selected)thus the
defaut Barrowman Methodavill be used for the subsonic center of pressure.

File Tools | Options | Help
< n ﬁ Launch Site Aero Plots | Flight Simulation
Mach-Alt
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Tangent Ogive Full Metal Jacketi
115.?_»125\!’1 Bo
145in FmCanr Rogers Modified Barrowman I‘—
A Surace rimen b Motor: 010000 (Hist)
Comments Loaded Wt. (Ib) 70
220 11" 22" 33" 44" 55" 66" 77" 8g" 99" 110" 121" 132"
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o e T & - )
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Figure 63/ Rogers Modified Barrowman Methddbt Checked (Not Selectedjefaut
Barrowman Methodvill be used for subsonic center of pressure.

Figure 64showsthe Rogers Modified Barrowman Method ChecKé&etlected)thus the Rogers
Modified Barrowman Method will be used for the subsonic center of pressure.
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File Tools | Options | Help
< I:@ Launch Site AeroPlots  Flight Simulation

Mach-Alt
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Figure 64i Rogers Modified Barrowman Methdchecked (8lected, Rogers Modified
Barrowman Méhodwill be used for subsonic center of pressure.

The Rogers Modifiedarrowman Methodhcludes a more accurate body normal force slope
with angle of attack (CNalpha) at low angles of attaghkncluding the influence of the body
tube cylinder(left out of theBarrowman Methoy includes théody in the presence of the fins
interference factor (Kbffleft out of theBarrowman Methoy andincludesbody viscous
crossflowusing the Jorgensen Methfamt the forward movement of the rocket center cégsure
with angle of aiack (not included in thBarrowman Methold

All Turbulent Flow Option

Under the Options Tab on the RASAero Il Main Scréenoption isavailable to selecll
Turbulent Fow.

In the RASAero Il aerodynamic drag predictidhe default for the skin fction calculations is
laminarflow, transition to turbulerftow, and turbulent flow, with the flow trangn Reynolds
number usetheing the flat plate value of 500,000. Thersdmein-flight measured drag
coefficient flight daafor high power rocketsespecially near and above Mach 3 where there is
thermal damage to the rocket,when there is a poorly faired transition between rocket
stagesyvhich indicatethat there is an immediate transition toyulhrbulent flow. An immediate
transition to fully turbulent floncan be included in the aerpthmic predictiondy seleting the
All Turbulent Flow Option
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Figure 65shows All Turbulent Flow Not Checked (Not Selected), thus the default laminar flow,
transition to turbulent flow, and turbulent flow will be used for the skin friction calculations in
the aerodynamic drag predictions.

File Tools | Options | Help
< I:@ Launch Site Aero Plots | Flight Simulation
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Tangent Ogh r—mibiiie | Full Metal Jacket1
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14.5inFinCan ogers Modified Barrowman

T Surface Finish 4 Motor: 010000 (Hist)

Comments Loaded Wt. (Ib) 70
220 11" 22" 33" 44" 55" 65" 77" 8g" 99" 110" 121" 132"
11"
e - [ — r p— |

-1

CP Location (in) = 102.79
-22"

1 2 3 a 5

'Mach 0.00

_'n

Figure 65 All Turbulent Flow Not Checked (Not Selected), default laminar, transition to
turbulent, and turbulent will be used for aerodynamic drag predictions.

Figure 66shows All Turbulent Flow Checked (Selected), thudmmediate transition to fully
turbulert flow (all turbulent flow)will be used for the skin friction calculations imet
aerodynamic drag predictions.
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File Tools | Options | Help

<n I:@ Launch Site Aero Plots = Flight Simulation
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Figure 66 All Turbulent Flow Checked (Selected), immediate transition to fully turbulent flow
(all turbulent flow) will be used for aerodynamic drag predictions.

Loading a Rocket File from the Previous RASAero Software

As noted in an earlier section, .ALX1 foat rocket files from the previous RASAero software
can be loaded into RASAero Il. After clicking on <File> and then <Open>, both .ALX1 format
(RASAero format) and .CDX1 format (RASAero Il format) files will be displayed, and can be
selected to be open@uRASAero Il. When the file is saved in RASAero I, it will be saved in
the RASAero Il .CDX1 format.

Importing a RockSim File into RASAero Il

RASAero Il has th feature of being able to impdrbckSim files, which can then be run on
RASAero Il. Onlythe external gemetry of the rockeis importedirom RockSim into RASAero
I, none of the rocket internal components in RockSim are carried over to RASAero Il.

As shown in Figure 6/RockSim rocket files (.RKTormat files) can be importedto RASAero

Il by selecting <File>, then <Import>, and then <RockSim> to load the RockSim file. .RKT
RockSim format files will be displayed, and can be selected to be converted and opened in
RASAero Il

Example RockSim files which can be imported into RASAero Il iackuded in the Examples
directory in the /My DocumemiRASAero lldirectory.
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File | Tools Options Help

4] New  CulN 2 AddBooster AeroPlots Flight Simulation
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Figure 671 Importing a RockSim file into RASAero II.

Important Note

When the RockSim file haseen imported into RASAero tihe warning message shown

Figure 68will be displayed before the rocket is display&tlicking on <OK> will retract the
message and display the rockés noted in the message, because RASAero Il has many more
fin airfoil options than RockSinthe actual airfoils on the fins of the rockeay have been
approximatedn RockSim by other airfoils. The airfoils mustw be changed to the correct
airfoils in RASAep Il. Rail guidesand launch shoes in RockSimay have been approximated
by launch lug, orthe rail guides and launch shoes mayébeen left off the rockef he rail
guides and launch shoes must now be entered into RASAero Il

It is important to note that if the User does not go back and check the airfoil inputs and the rail

guide and launch shoe inputs, the erroneous Rockfpats will be transferred over to RASAero
II, and RASAero Il willrun with the erroneous inputs.
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" RASAero T ==

The RockSim file has been imported.

RASAero has additional fin airfoil inputs, and rail guide and launch shoe
inputs, which are not included in RockSim.

In the RockSim file, fin airfoils not included in RockSim may have been
approximated by other airfoils. Rail guides and launch shoes may have
been approximated by launch lugs or left off the rocket.

When importing RockSim files into RASAero, the fin airfoil inputs, and rail
guide and launch shoe inputs, need to be checked against the actual
rocket geometry.

OK

b

Figure 68 Importing a RockSim file into RASAero Il warning message.

Figure 69shows a RockSim file example rocket (AeroPac104KStageOne&Two.RKT) fm th
/My Documents/RASAero ll/Examples directory after being imported into RASAero Il. Note
that whilethe external geometry of the rocket has been imported, the rocket motors that were
loaded into the rocket and the rocket Center of Gravity (CG) informatiga not been

transferred over from RockSim, and will have to bemeered into RASAero Il. Likewise, the
rocket lift-off and burnout weights, loaded and unloaded weights, are not transferred over from
RockSim, and will have to be-entered into RASAerI.
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Eile Tools Options Help

< Iﬂ@ @ I:[::] Add Booster  Aero Plots | Flight Simulation

LV-Haack Nose Cone AeroPac104KStageOne&Two
43 in Body Tube

61.75in Booster

CP Location (in) = 44.38, 82.53

Figure 691 Example RockSim file rocket imported into RASAero Il

If some aspestof the rocket geometry in the RockSim fieenot compatilkg with RASAero I,
then the warimg message shown in Figure Wil be displayed, informing the User that
RASAemw Il wasunable to import the RockSifite. Therocket will thenhave to be manually
enterednto RASAero Il

RASAero II - - - - [&J

The RockSim file was NOT successfully imported.

Some aspects of the rocket geometry in the RockSim file were not
compatable with RASAero.

The rocket will have to be manually inputted into RASAero.

b

Figure 70i Warning messag®r RASAeroll beingunable to impora RockSim filebecause o
some rocket geometry incompatibility with RASAero Il
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Scale Rocket Drawing

As the Rcket Body and Fin Geometry Inputse entered intRASAeroll, a scale rocket

drawing is created on the Ma8treen The rocket Center of Pressure (CPgath stage wibe
displayed, which will shift depending evhethe the default Barrowman Method used, or the

Rogers Modified Barrowman Method has been selected. Once the rocket Center of Gravity (CG)
data has been entered (detailed in a later section), anocltet motors have been added

(detailed in a later section), the rocket CG is displayed and the rocket motors which have been
loaded are displayed. The dot on the slider bar at the bottom of the scale rocket drawing can be
moved to different Mach numbert$ie CP of the rocket as displayed on the drawing will shift to

the new CP location based on the new Mach Number.

Besides creating a scale drawing of the rocket, the scale rocket dedsorgjlows the Ber to
check that the ket geometry has been emgecorrectly.

Example scale rocket drawings on the RASAero Il Main Screen are presented in/Rifpira
singlestage roket, and in Figure 7fr a twostage rocket.

File Tools Options Help

< Iﬂ@ @ I:[:J Add Booster  Aero Plots | Flight Simulation

Tangent Ogive Nose Cone Full Metal Jacket1
116.3125 in Body Tube
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Figure 71 Scale rocket drawing on the RASAero |l Main & for a singlstage rocket.
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i RASaeroll =ETse)

File Tools Options Help

<P Iﬁﬂ:j] @ [ 73 AddBooster = AeroPlots | Flight Simulation
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Figure 72 Scale rocket drawing on the RASAero Il Main Screen fovastage rocket.

As shown in Figure 73he scale rocket drawing can be printed out by selecting <File>, <Print>
or <Print Preview>. The Print Preview screemeaxly to be pnted out is shown in Gure 74
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File | Tools Options
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Figure 73 Printing out the scale rocket drawing by selecting Print or Print Preview.
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Figure 74i Print Preview for the scale rocket drawing
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Aero Plots

After the rocket has been entered into RASAerthl, aerodynamicrelysis code built into
RASAeroll can be run by clickinthe Aero Plotsbutton asshown in Figure 75which will
generate aerodynamic data plots for the rocket.

File Tools Options Help

< H I:@ II:II @ I:[:] AddBcusterFlightSimulatiun
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Figure 75 Aero Plots btton for generating rocket aerodynardita plots.
Figure 76presents a typical aerodynamic data plot generated by RASAero Il, the-powaad
poweroff drag coefficient (CD) versus &th number.
The reference area for the aerodynamic data generated by the RASAero Il software is the

maximum crossectional area of the rocket body, and is displayed on the Aero Plot plots labeled
as ASrefo in square inches.
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5l Aero Plots
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File  Options
CcD v] IMach Number 7 Plot Data to:
Full Metal Jacket1
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Figure 76i Aerodynamic data plot; pow@n and powepff drag coefficient (CD) versus Mach
number.

In addition to thespecific aerodynamic data plotted in @ero pot, all of theaerodynamic data
for the rocket is also presented in the tabular ouiplaw theplot as a function of Mach
number

As stown in Figure 77the aerodynamic data can be plotted to Mach, 8, 10or 25 by using

the <Plot Data to:pull-down menu After being selected toetplotted to Mach 3 in Figuré?,
the aerodynamic data isopted to Mach 3n Figure78.
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Figure 77 Plotting aerodynamic data to Mach 3, 5, 8, 1®®by usingpull-down menu.
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LFigure 78 Aerodynamic data plot; powem and powebff drag coefficient (CD) versus Mach
number after being selected to MachBptted Mach €B.
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Additionally, ol di ng down the | eft mdobsfermdms thdacmor wi | | cal
is dragged around the p)as shown in Figure 79 This square Al assoodo all ov
aer o mmloootmebde ifin 0 Hepdwerom and poweoff dragdoefficient(CD) versus
Mach numbeplot shown in Figure 77 s i | & Figue @dand isshown after beinglown

up in Figure 80showing the aerodynamic data ptobned-in to focusin on theMach 0 to 5
aero data.
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Figure 79 Mach 05 aerodynmicdatab ei ng fl as s-opfrdMMaame@b bl o wn

aerodynamic data plot.
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Figure 80 MachG5 aer odynami c dat a af tugfromblach @Y
aerodynamic data plot.

Using the lefidown arrowon the plot selection inputs the Aero Plots scregdifferent
aerodynamic data can be selected versus Mach numbeefplotis,the aerodynamic data which
can be plotted versusadh number is shown in Figure.8Wsing the ridnt down arrow the
aerodynamic data can be plotted versus angle of attexzlkerodynamic data which can be
plotted versus anglef attack is shown in Figure 82
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Figure 81i Aerodynamic data which can be plotted versus Mach number.

Figure 82 Aerodynamic data which can be plotted versus angle of attack.
Figure83 showsan aerodynamic data plot withe center of pressure (CP) selectedeglotted
versusMachnumber. Note in FigureB3the substantial forward movement of the center of
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