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The RASAero II Aerodynamic Analysis and Flight Simulation Program 
 

RASAero II is a combined aerodynamic analysis and flight simulation software package for 

model rockets and high power rockets, amateur rockets, and sounding rockets.  RASAero II can 

also be used for predicting aerodynamic coefficients for use in other flight simulation programs 

for orbital rockets. 

 

The RASAero II 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 used for missiles, sounding rockets, and space launch vehicles. 

 

The RASAero II aerodynamic predictions include drag coefficient at zero degrees angle of 

attack, drag coefficient with a non-zero angle of attack, lift coefficient and normal force 

coefficient with angle of attack, for both power-on (thrust phase) and power-off (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, transonic, supersonic, 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 more accurate 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 the rocket 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 hexagonal, NACA, 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 for fin-stabilized rockets flying up to and over Mach 3, 

where depending on fin design by Mach 5 the Center of Pressure can move up to 60-70% of the 

body length from the nose. 

 

Two flight simulation options are available in the RASAero II software, a 2 degrees-of-freedom 

trajectory simulation with no wind, and a 3 degrees-of-freedom trajectory simulation with wind 

that includes dynamic stability and weathercocking of the rocket into the wind.  If no wind is 

entered then the 2 degrees-of-freedom trajectory simulation is selected, if a wind is entered then 

the 3 degrees-of-freedom trajectory simulation with dynamic stability and weathercocking is 

selected.  Thrust of the rocket motor is varied with altitude using the entered thrust curve, the 

altitude of the rocket, and the exit diameter of the rocket motor nozzle.  All of the flight 

simulations include either ballistic or parachute recovery.  If a parachute recovery is selected, 

there is a recovery event at apogee (deployment of a small drogue parachute or the main 

parachute), and if selected there is a recovery event at a user-specified altitude above the ground 

(deployment of the main parachute after 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, 

Reynolds number based on the altitude of the rocket, and whether the rocket is flying in the 

motor thrust phase (power-on) or the coast phase (power-off).  For the 3 degrees-of-freedom 

trajectory with dynamic stability and wind, both static and dynamic stability derivatives for the 
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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 RASAero II  based 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 plots of the flight 

simulation results are also produced, including the recovery phase of the flight. 

 

 

Entering a Rocket into RASAero II  
 

 

Main Screen 
 

To run the RASAero II software, the User double clicks on the RASAero II Icon on the computer 

desktop shown in Figure 1.  After double clicking on the RASAero II icon on the computer 

desktop, the RASAero II Main Screen will appear as presented in Figure 2.  For a new rocket the 

user immediately starts building the rocket by selecting a nose cone, and then adding a body tube.  

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 can be added with fins mounted on the fin canister, a 

boattail can be added at the base of the body tube, or one or two additional booster stages can be 

added. 

 

 

 
 

Figure 1 ï RASAero II Icon on computer desktop. 
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Figure 2 ï RASAero II Main Screen. 

 

 

As shown in Figures 3 and 4, to load an old, previously saved rocket, or to load a file from the 

previous RASAero software, click on <File>, and then <Open>, and then select the file to be 

opened. 
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Figure 3 ï Opening a file in RASAero II. 

 

 

 
 

Figure 4 ï Opening a file in RASAero II (continued). 
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Rockets saved on the previous RASAero software, saved as .ALX1 files, can be loaded into the 

RASAero II software, and then saved in the RASAero II .CDX1 file format. 

 

The Select Motor File feature will be described in the RASAero II Rocket Motor Database and 

the User-Selected RASP Motor File sections. 

 

As shown in Figure 5, and as will be detailed in a later section, RockSim rocket files (.RKT 

format files) can be loaded into RASAero II by selecting <File>, then <Import>, and then 

<RockSim> to load the RockSim file. 

 

 

 
 

Figure 5 ï Importing a RockSim file into RASAero II. 

 

 

Some example rockets are stored in the Examples directory in the /My Documents/RASAero II 

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 modified, the rocket can then be run to generate aerodynamic 

data or to run the flight simulation.  After the runs are completed, as shown in Figures 6 and 7 the 

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

the old name or a new name.  All RASAero II rocket files have the extension .CDX1, and are 

stored in the /My Documents/RASAero II directory. 
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Figure 6 ï Saving a rocket in RASAero II. 

 

 

 
 

Figure 7 ï Saving a rocket in RASAero II (continued). 
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Nose Cone Inputs 
 

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

Nose Cone Icon as shown in Figure 8.  The RASAero II Nose Cone Inputs which are displayed 

after clicking on the Nose Cone Icon are shown in Figure 9.  The available nose cone shapes are 

conical, tangent ogive, Von Karman ogive, power law, LV-Haack, parabolic, and elliptical.  If 

the power law nose cone is selected, then the power law exponent ñnò must be entered.  The nose 

cone base diameter and length are entered, and a blunt (spherical) 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 ï Nose Cone Icon. 
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Figure 9 ï Nose Cone Inputs. 

 

 

Body Tube, Fins and Rail Guide/Launch Lug/Launch Shoe Inputs 

 

The rocket body tube is then added to the nose cone by clicking on the Rocket Body Tube and 

Fins Inputs Icon, as shown in Figure 10.  Once the Rocket Body Tube and Fins Inputs Icon has 

been clicked on, the rocket Body Tube, Fins, Rail Guide/Launch Lug/Launch Shoe and 

Protuberance Inputs will appear as shown in Figure 11.  The Protuberance Inputs will be 

described in the Protuberance Inputs section. 
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Figure 10 ï Rocket Body Tube and Fins Inputs Icon. 

 

 

 
 

Figure 11 ï Rocket Body Tube, Fins, Rail Guide/Launch Lug/Launch Shoe and 

Protuberance Inputs. 
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The Fin Inputs button is then clicked on, to open the Fin Inputs shown in Figure 12.  If there are 

no fins on the body tube, the Fin Inputs button does not need to be clicked on, and no fins will be 

added to the body tube.  The inputs are saved by clicking on the <Save> button, or cancelled by 

clicking on the <Cancel> button. 

 

 

 
 

Figure 12 ï Fin Inputs. 

 

 

Note on the Fin Inputs shown in Figure 12, ñL.E. Diamond Airfoil Lengthò is the Fin Airfoil 

Leading Edge Diamond Airfoil Length, and ñT.E. Diamond Airfoil Lengthò is the Fin Airfoil 

Trailing Edge Diamond Airfoil Length, both of which will be defined in the Fin Airfoil Inputs 

section. 

 

The Body and Fin Inputs geometry definitions are presented in Figure 13.  All dimensions are in 

inches. 

 

Note in the Fin Inputs in Figure 12, and the Fin Inputs geometry definitions in Figure 13, that the 

ñDistance from the base of the tube (in)ò input is for the start of the fin (where the fin leading 

edge intersects the body tube), and is the distance from the start of the fin to the bottom of the 

body tube. 

 

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

<Cancel> button. 
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Figure 13 ï Rocket Body and Fin Inputs geometry definitions. 

 

 

Fin Airfoil Inputs  
 

The fin airfoils that can be selected in RASAero II are shown in Figures 14a through 14c.  

Hexagonal, NACA, double-wedge, biconvex, hexagonal blunt-base, single wedge, rounded, and 

square airfoils can be selected.  Based on the airfoil selected, different airfoil geometry inputs are 

required which are described in Figures 14a through 14c.  If a fin airfoil geometry input is not 

needed for a particular airfoil, then that geometry input will not be displayed on the input screen 

as no input is required.  (Example; for the NACA airfoil the only input required is the fin 

thickness.)  The leading edge diamond airfoil length and the trailing edge diamond airfoil length 

are measured parallel to the body tube. 

 

 
 

 

 
 

 

Figure 14a ï Fin airfoil types and airfoil input geometry definitions. 
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Figure 14b ï Fin airfoil types and airfoil input geometry definitions (Continued). 
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Figure 14c ï Fin airfoil types and airfoil input 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 non-rounded leading edge.  The blunt (rounded) leading edge is a cylindrical 

section added to the leading edge of the airfoil, with the radius of the cylindrical blunt (rounded) 

leading edge entered as the Fin LE (Leading Edge) Radius input.  For a sharp (no bluntness) fin 

leading edge, the Fin LE (Leading Edge) Radius input is left at the default value of zero. 

 

 

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

Lengths 
 

When a leading edge and/or a trailing edge diamond airfoil length is required as a fin airfoil 

geometry input, and the fin 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 15.  If the fin thickness varies from the root of the fin 

to the tip of the fin, then the average fin thickness is used as shown in Figure 16. 

 

 

Fin Thickness (in) 

Square Airfoil 

Fin Thickness (in) 

Rounded Airfoil 
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Figure 15 ï Average leading edge and trailing edge diamond airfoil lengths used when the fin 

diamond airfoil lengths vary along the fin span. 

 

 
Figure 16 ï Average fin thickness used when the fin thickness varies from the root of the fin to 

the tip of the fin. 
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Adding Multiple Body Tubes 

 
As shown in Figure 17, multiple body tubes can be added in a row on each stage of the rocket by 

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 clicked, and fins are not 

added.  Figure 17 shows multiple body tubes added in a row for the rocket body. 

 

 

 
  

Figure 17 ï Multiple body tubes added in a row for the rocket body. 

 

 

Note that from an aerodynamic prediction standpoint having multiple body tubes in a row versus 

one single body tube of the same total length has no effect on the aerodynamic predictions for the 

rocket.  Adding multiple body tubes can be used to build up the rocket from the individual body 

tube lengths which are planned to be used, or to create a more representative drawing of the 

rocket showing the 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 added to a single stage 

rocket, or each stage of a multi-stage 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 RASAero II  software includes four options for rocket launch guides: 

 

a) Rail Guides 

 

b) Launch Lugs 

 

c) Launch Shoes 

 

d) None.  (Tower-launched.) 

 

 

To select a rail guide, the rail guide box is checked as shown in Figure 18. 

 

 

 
 

Figure 18 ï Rail guide inputs. 

 

 

The rail guide inputs geometry definitions are presented in 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 guide is entered, the software then calculates the rail guide drag based 

on two of the rail guides being mounted on the side of the rocket. 
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Figure 19 ï Rail guide geometry inputs. 

 

 

To select a launch lug, the launch lug box is checked as shown in Figure 20. 

 

 

 
 

Figure 20 ï Launch lug inputs. 

 

 

To select a launch shoe, the launch shoe box is checked as shown in Figure 21. 
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Rail Guides 
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Figure 21 ï Launch shoe inputs. 

 

 

Launch lug and launch shoe geometry inputs are presented in Figure 22.  For launch lugs the 

outside diameter and length of a single launch lug is entered.  The software then calculates the 

launch lug drag based on two of the launch lugs being mounted on the side of the rocket.  For 

launch shoes the frontal area of a single launch shoe is entered in square inches.  The software 

then calculates the launch shoe drag based on two launch shoes being mounted on the side of the 

rocket. 

 

 

 
 

Figure 22 ï Launch lug and launch shoe geometry inputs. 
 

 

Enter Frontal Area of 

One Launch Shoe. 

Program Models Drag 

for Two Launch Shoes. 

Launch Lug Outside Diameter (in) 

Enter Launch Lug 

Outside Diameter. 

Program Models Drag 

for Two Launch Lugs. 

Launch Lugs Launch Shoes 



 22  

If the rocket is tower launched (no rail guides, launch lugs or launch shoes), then none of the rail 

guide/launch lug/launch shoe boxes are checked, as shown in Figure 23. 

 

 

 
 

Figure 23 ï No rail guides, launch lugs or 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, launch lugs or launch shoes have been added to the rocket; rail guides, launch 

lugs or launch shoes will be added to the rocket drawing, as shown in Figure 24. 
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Figure 24 ï Rail guides, launch lugs and launch shoes displayed on the rocket drawing. 
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Protuberance Inputs 

 
The RASAero II software includes four options for Protuberance Inputs: 

 

a) Streamlined ï No Base Drag 

 

b) Streamlined ï With Base Drag 

 

c) Inclined Flat Plate 

 

d) None. 

 

 
The Protuberance Inputs are made by clicking on the Protuberances button shown in Figure 25, 

which opens the Protuberance Inputs shown in Figure 26. 

 

 

 
 

Figure 25 ï Protuberances button to access Protuberance Inputs. 
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Figure 26 ï 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 tube, which will be less than 90 deg.  (Although the 

RASAero II software allows a plate angle input of up to 90 deg, a vertical flat plate.)  A plate 

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

tube. 

 

Note that protuberances can be added for each body tube and fin canister on the rocket.  (The fin 

canister will be described in the Fin Canister Inputs section.) 

 

If there are multiple Streamlined ï No Base Drag Protuberances on a particular body tube or fin 

canister on the rocket, the frontal areas of all the Streamlined ï No Base Drag Protuberances are 

added up for the total frontal area which is entered in the Protuberance Inputs shown in Figure 

26.  The same is done if there are multiple Streamlined ï With Base Drag Protuberances on a 

given body tube 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 being added up must be for 

inclined flat plates with the same plate angle. 

 
For no protuberances, the Protuberance 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 protuberances can be removed by clicking on the 

Remove Protuberances button shown in Figure 27, which appears after protuberances have been 

entered and saved.  This will remove all of the protuberances on that body tube or fin canister, 

but will not remove protuberances on other body tubes and fin canisters. 
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Figure 27 ï Remove Protuberance button. 

 

 
Examples of the different protuberance types are described in the paragraphs and figures which 

follow. 

 

Streamlined ï No Base Drag Protuberances are protuberances with a streamlined front end and a 

streamlined or boattailed aft end.  An example is a missile raceway on a Corporal missile shown 

in Figure 28. 

 

 

 
 

Figure 28 ï Example Streamlined ï No Base Drag Protuberance, a missile raceway. 
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Streamlined ï With Base Drag Protuberances are protuberances with a streamlined front end, but 

a blunt (flat) back end which has base drag.  An ullage rocket cover on an S-IVB stage on a 

Saturn IB launch vehicle, shown in Figure 29, is a good example of a Streamlined ï With Base 

Drag Protuberance. 

 

 
  

Figure 29 ï Example Streamlined ï With Base Drag Protuberance, 

ullage rocket cover on S-IVB stage on Saturn IB launch vehicle. 

 

Camera shrouds, like the Cineroc camera shroud shown in Figure 30, can be modeled as a 

Streamlined ï With Base Drag Protuberance. 

 

 
 

Figure 30 ï Cineroc camera shroud, modeled as a Streamlined ï With 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, measured relative 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. 

 

 

 
  

Figure 31 ï Example Inclined Flat Plate Protuberances, fin brackets. 

 

 

When Streamlined ï No Base Drag, Streamlined ï With Base Drag or Inclined Flat Plate 

Protuberances have been added to the rocket; Streamlined ï No Base Drag, Streamlined ï With 

Base Drag or Inclined Flat Plate Protuberance symbols will be added to the rocket drawing, as 

shown in Figure 32. 

 

Fin Brackets 
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Figure 32 ï Streamlined ï No Base Drag, Streamlined ï With Base Drag and 

Inclined Flat Plate Protuberances displayed on the rocket drawing. 
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Tr ansition Inputs 

 

A transition can be added to a body tube by clicking on the Transition Icon as shown in Figure 

33.  The Transition Inputs are shown in Figure 34, with a rocket with a completed transition 

input and a body tube entered after the transition shown in Figure 35. 

 

 

 
 

Figure 33 ï Transition Icon. 
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 Figure 34 ï Transition Inputs. 

  

 
 

 Figure 35 ï Completed Transition Input. 
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Fin Canister Inputs 

 

A Fin Canister can be added to a body tube by clicking on the Fin Canister Icon as shown in 

Figure 36.  The Fin Canister Inputs are shown in Figure 37, with the Fin Canister geometry 

definitions shown in Figure 38. 

 

 

 
 

Figure 36 ï Fin Canister Icon. 
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Figure 37 ï Fin Canister Inputs. 

 

 

 
 

Figure 38 ï Fin Canister geometry definitions. 

 

 

Note as shown in Figure 38, the bottom of the fin canister is at the bottom of the body tube, the 

fin canister length then defines the location of the fin canister shoulder.  Note in Figure 37 that 

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 which are mounted to the fin canister. 

 

The Fin Canister Inputs are saved by clicking on the <Save> button, or cancelled by 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 

Figure 39.  The Boattail Inputs are shown in Figure 40, with the Boattail geometry definitions 

shown in Figure 41. 

 

 

 
 

Figure 39 ï Boattail Icon. 
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Figure 40 ï Boattail Inputs. 

 

 

 
 

Figure 41 ï 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 

rocket component in the upper left-hand rocket component box, which will open the input for 

that rocket component, as shown in Figure 42.  By clicking the right-hand mouse button on the 

rocket component in the upper left-hand rocket component box, the Edit, Insert, or Delete rocket 

component options will be displayed, as shown in Figure 43. 

 

 

 
 

Figure 42 ï Double clicking on rocket component to edit rocket component. 
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Figure 43 ï Edit, Insert, or Delete options for rocket components. 

 

 

If the Edit option is selected, the input for the rocket component will be opened, and the rocket 

component can be edited. 

 

If the Delete option is selected, the user will be asked to confirm that the selected rocket 

component should be deleted as shown in Figure 44, and then the rocket component will be 

deleted. 

 

If the Insert option is selected, the user then selects which rocket component type to insert, as 

shown in Figure 45.  The component will be inserted ahead of the original component which the 

right-hand mouse button was clicked on, which is highlighted, as shown in Figure 45. 
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Figure 44 ï Delete option; confirming that the selected rocket component should be deleted. 

 

 

 
 

Figure 45 ï 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 stage by having 

the upper stage motor case extend beyond the bottom of the upper stage, so that the motor case 

slides into the front of the booster stage.  (Sometimes with a sleeve on the motor case.)  Thus part 

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 exposed until the upper stage 

separates from the booster stage.  This is known as a nested upper stage, which the RASAero II 

software can handle using the inputs described below. 

 

To add a booster to a nested upper stage, first a very slight boattail is added to the upper 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 46-48 show the very slight boattail being added to the upper stage.  Note that the boattail 

rear diameter is only 0.01 inches less than the boattail front diameter. 

 

 

 
 

Figure 46 ï Upper stage before addition of very slight boattail. 
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Figure 47 ï Very slight boattail being added to upper stage. 

Note that rear diameter of boattail is only 0.01 inches less than front diameter of boattail. 

 

 

 
 

Figure 48 ï Upper stage with very slight boattail added. 

Very slight boattail will be portion of upper stage that will nest within booster. 
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The aerodynamic prediction methods in RASAero II will treat this very slight boattail 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 booster 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 II nomenclature for a two stage rocket, the upper stage is called the sustainer 

stage, and the booster stage is called the 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 labeled as Sustainer and Booster. 
 

 

 
 

Figure 49 ï Add Booster button for adding a booster stage. 
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Figure 50 ï Booster Inputs. 

 

 

Again note that when a booster stage has been added to a rocket, 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 50 that the diameter of the previous stage is grayed-out (the front diameter of the 

boattail), as the diameter is already set by the previous stage which has already been entered.  

The diameter of the booster stage 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 length input disappears 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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Figure 51 ï Two stage (sustainer and booster) rocket, with 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 booster stage is treated as a rocket component, and can be edited by double clicking on the 

booster component in the upper left-hand rocket component box, which will open the Booster 

Stage Inputs.  Or, by clicking the right-hand mouse button on the booster component in the upper 

left-hand rocket component box, the booster stage can be edited.  By clicking the right-hand 

mouse button on the booster component in the upper left-hand rocket component box, the 

boosted stage can be deleted. 

 

A good technique for checking 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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Figure 52 ï Check that the nested 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.) 

 

 

 
 

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

correct. 
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Adding a Booster Stage that Does Not Have 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. 

 

 

 
 

Figure 54 ï Using Add Booster button to add a booster stage. 

 

 

Typical Booster Inputs are shown in Figure 55. 
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Figure 55 ï 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 stage is used when running launch vehicles on RASAero 

II to generate aerodynamic data for ascent to orbit trajectory simulations, which will be described 

in the later Running a Launch Vehicle on RASAero II to Generate Aerodynamic Data for Ascent 

to Orbit Trajectory Simulations section.  The separation plane between stages on a launch 

vehicle are typically modeled as a non-nested upper stage with a booster added. 

 

Again note 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 55 that the diameter of the previous stage is grayed-out (the diameter is already set by 

the previous stage which has already been entered), the diameter of the booster stage is 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 length input disappears as it is not needed (no transition is required). 

 

Figure 56 shows a two stage rocket (sustainer and booster) with a non-nested upper stage with 

the Add Booster Inputs completed. 
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Figure 56 ï Two stage (sustainer and booster) rocket with a non-nested upper stage with 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 left-hand rocket component box, which will open the Booster 

Stage Inputs.  Or, by clicking the right-hand mouse button on the booster component in the upper 

left-hand rocket component box, the booster stage can be edited.  By clicking the right-hand 

mouse button on the booster component in the upper left-hand rocket component box, the 

boosted stage can be deleted. 

 

As before a good technique for checking that the 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 57 and 58.  Again, after removing (deleting) the booster, do not save the 

file.  (Or perform this test on a copy of the file.) 

 

 

 

 

 



 48  

 
 

Figure 57 ï 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.) 

 

 

 
 

Figure 58 ï Check complete; booster deleted, sustainer remains, sustainer configuration is 

correct. 
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RASAero II can handle up to three stages (sustainer ï booster ï booster).  A completed three 

stage rocket is shown in Figure 59. 

 

 
 

Figure 59 ï Three stage rocket (sustainer ï booster - booster) entered into RASAero II. 

 

 

 

RASAero II is a combined aerodynamic analysis and flight simulation software package for 

model rockets and high power rockets, amateur rockets, and sounding rockets.  RASAero II can 

also be used for predicting aerodynamic coefficients for use in other flight simulation programs 

for orbital rockets. 

 

 

Running an Orbital Launch Vehicle on RASAero II to Generate Aerodynamic Data 

for Ascent to Orbit Trajectory Simulations 
 

While RASAero II currently does not run ascent to orbit trajectories, RASAero II can be used to 

generate aerodynamic data for orbital launch vehicle configurations.  The RASAero II predicted 

aerodynamic coefficients can be used as inputs for other flight simulation programs for orbital 

launch vehicles for ascent to orbit trajectories. 

 

RASAero II can be used to run trajectories for the lower stages of orbital launch vehicles to 

compare the actual delta-v from RASAero II to the ideal delta-v from the Tsiolkovsky ideal 

rocket equation, to determine the delta-v losses (gravity and drag losses) for the lower stages.  

Once these delta-v losses have been determined, they can be used in hand calculations or 

spreadsheets to subtract the delta-v losses from the ideal delta-v for each stage, to come up with 
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an estimate for the total delta-v for the lower stages.  The ideal delta-v can then be calculated for 

the upper stages (which can have small or negligible delta-v losses compared to the ideal delta-

v), to come up with an estimate for the payload to orbit of the launch vehicle. 

 

The Minotaur I orbital launch vehicle, and the Minotaur I orbital launch vehicle modeled in 

RASAero II to obtain aerodynamic prediction data, are presented in Figure 60. 

 

 

 
 

Figure 60 ï Minotaur I orbital launch vehicle, and Minotaur I orbital launch vehicle modeled in 

RASAero II to obtain aerodynamic prediction data. 

 

 

As a note when an orbital launch vehicle has multiple nozzles (multiple liquid rocket engine 

nozzles, or as on the Minotaur I a single solid rocket motor on Stage-1 with multiple nozzles), the 

nozzle exit areas of the multiple nozzles are added up to obtain the total nozzle exit area, and 

then this total nozzle exit area is converted to a single nozzle with the same nozzle exit area, and 

then the nozzle exit diameter for this single nozzle is entered into RASAero II for the stage for 

the power-on drag coefficient calculations. 

 

Note that aerodynamic data can be generated for an orbital launch vehicle in RASAero II 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 displayed, but no CG will be 

displayed, as shown in Figure 60. 

 

The first stages of almost all orbital launch vehicles have no fins, but for a booster stage 

RASAero II requires fins to be entered.  In general on RASAero II for each body tube fins do not 

From Jan 2006 Approved for Public Release Minotaur I Users Guide 
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need to be added, and the sustainer stage can have no fins if a very forward Center of Gravity 

(CG) is entered so that the rocket will be aerodynamically stable and thus will run on the 

RASAero II Flight Simulation.  But RASAero II requires fins to be added to booster stages.  The 

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 have a negligible 

effect on the predicted aerodynamics for the launch vehicle.  To run the launch vehicle on the 

RASAero II Flight Simulation the launch vehicle must be aerodynamically stable, so with the 

very small fins on the booster a very forward CG for the booster must be entered. 

 

 

 
 

Figure 61 ï Minotaur I orbital launch vehicle; very small fins added to booster (Stage-1), 

as RASAero II requires fins on the booster. 

 

 

For a trajectory to be run for the launch vehicle on the RASAero II Flight Simulation CG data 

must be entered for each stage, and each stage must have the CG ahead of the CP.  As 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 II Flight Simulation, a very forward CG must 

be entered for each stage to ensure that each 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 II.  This will have the orbital launch vehicle fly the 

trajectory at zero degrees angle of attack, and the RASAero II dynamics models will be turned 

off, as they are not applicable as the actual launch vehicle will be actively stabilized with a 

guidance system. 
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Additional RASAero II Inputs 

 

 

Equivalent Sand Roughness (Surface Finish) Input 
 

The surface roughness of the rocket can be specified using the Equivalent Sand Roughness 

(Surface Finish) Input.  The RASAero II Equivalent Sand Roughness (Surface Finish) Input, 

which is located under the Options Tab, is shown in Figure 62. 

 

 

 
 

Figure 62 ï Equivalent Sand Roughness (Surface Finish) Input. 
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The default input is Smooth (aerodynamically smooth ï zero roughness).  Varying levels of 

surface roughness can be entered by using the pull-down menu.  The equivalent sand roughness 

for each level of smoothness which can be entered is presented in Table 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 Camouflage Paint 0.0012 

Galvanized Metal 0.006 

Cast Iron (Very Rough) 0.01 

 

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

 

Under the Options Tab on the RASAero II Main Screen the option is available to select the 

Rogers Modified Barrowman Method for subsonic center of pressure. 

 

The default for the subsonic center of pressure calculations is the Barrowman Method as 

documented in Centuri Report TIR-33.  If the Rogers Modified Barrowman Method is not 

checked, then the Barrowman Method will be used for the subsonic center of pressure 

calculations. 

 

Figure 63 shows the Rogers Modified Barrowman Method Not Checked (Not Selected), thus the 

default Barrowman Method will be used for the subsonic center of pressure. 

 

 

 
 

Figure 63 ï Rogers Modified Barrowman Method Not Checked (Not Selected), default 

Barrowman Method will be used for subsonic center of pressure. 

 

 

Figure 64 shows the Rogers Modified Barrowman Method Checked (Selected), thus the Rogers 

Modified Barrowman Method will be used for the subsonic center of pressure. 
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Figure 64 ï Rogers Modified Barrowman Method Checked (Selected), Rogers Modified 

Barrowman Method will be used for subsonic center of pressure. 

 

 

The Rogers Modified Barrowman Method includes a more accurate body normal force slope 

with angle of attack (CNalpha) at low angles of attack by including the influence of the body 

tube cylinder (left out of the Barrowman Method), includes the body in the presence of the fins 

interference factor (Kbf) (left out of the Barrowman Method), and includes body viscous 

crossflow using the Jorgensen Method for the forward movement of the rocket center of pressure 

with angle of attack (not included in the Barrowman Method). 

 

 

All Turbulent Flow Option  

 

Under the Options Tab on the RASAero II Main Screen the option is available to select All 

Turbulent Flow. 

 

In the RASAero II aerodynamic drag predictions the default for the skin friction calculations is 

laminar flow, transition to turbulent flow, and turbulent flow, with the flow transition Reynolds 

number used being the flat plate value of 500,000.  There is some in-flight measured drag 

coefficient flight data for high power rockets, especially near and above Mach 3 where there is 

thermal damage to the rocket, or when there is a poorly faired-in transition between rocket 

stages, which indicate that there is an immediate transition to fully turbulent flow.  An immediate 

transition to fully turbulent flow can be included in the aerodynamic predictions by selecting the 

All Turbulent Flow Option. 
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Figure 65 shows 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. 

 

 

 
 

Figure 65 ï All Turbulent Flow Not Checked (Not Selected), default laminar, transition to 

turbulent, and turbulent will be used for aerodynamic drag predictions. 

 

 

Figure 66 shows All Turbulent Flow Checked (Selected), thus an immediate transition to fully 

turbulent flow (all turbulent flow) will be used for the skin friction calculations in the 

aerodynamic drag predictions. 
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Figure 66 ï 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 format rocket files from the previous RASAero software 

can be loaded into RASAero II.  After clicking on <File> and then <Open>, both .ALX1 format 

(RASAero format) and .CDX1 format (RASAero II format) files will be displayed, and can be 

selected to be opened in RASAero II.  When the file is saved in RASAero II, it will be saved in 

the RASAero II .CDX1 format. 

 

 

Importing a RockSim File into RASAero II 
 

RASAero II has the feature of being able to import RockSim files, which can then be run on 

RASAero II.  Only the external geometry of the rocket is imported from RockSim into RASAero 

II, none of the rocket internal components in RockSim are carried over to RASAero II. 

 

As shown in Figure 67, RockSim rocket files (.RKT format files) can be imported into RASAero 

II  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 II. 

 

Example RockSim files which can be imported into RASAero II are included in the Examples 

directory in the /My Documents/RASAero II directory. 
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Figure 67 ï Importing a RockSim file into RASAero II. 

 

 

Important Note 

 

When the RockSim file has been imported into RASAero II, the warning message shown in 

Figure 68 will be displayed before the rocket is displayed.  Clicking on <OK> will retract the 

message and display the rocket.  As noted in the message, because RASAero II has many more 

fin airfoil options than RockSim, the actual airfoils on the fins of the rocket may have been 

approximated in RockSim by other airfoils.  The airfoils must now be changed to the correct 

airfoils in RASAero II.  Rail guides and launch shoes in RockSim may have been approximated 

by launch lugs, or the rail guides and launch shoes may have been left off the rocket.  The rail 

guides and launch shoes must now be entered into RASAero II. 

 

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 RockSim inputs will be transferred over to RASAero 

II , and RASAero II will run with the erroneous inputs. 
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Figure 68 ï Importing a RockSim file into RASAero II warning message. 

 

 

Figure 69 shows a RockSim file example rocket (AeroPac104KStageOne&Two.RKT) from the 

/My Documents/RASAero II/Examples directory after being imported into RASAero II.  Note 

that while the external geometry of the rocket has been imported, the rocket motors that were 

loaded into the rocket and the rocket Center of Gravity (CG) information have not been 

transferred over from RockSim, and will have to be re-entered into RASAero II.  Likewise, the 

rocket lift-off and burnout weights, loaded and unloaded weights, are not transferred over from 

RockSim, and will have to be re-entered into RASAero II. 
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Figure 69 ï Example RockSim file rocket imported into RASAero II. 

 

 

If some aspects of the rocket geometry in the RockSim file are not compatible with RASAero II, 

then the warning message shown in Figure 70 will be displayed, informing the User that 

RASAero II was unable to import the RockSim file.  The rocket will then have to be manually 

entered into RASAero II. 

 

 

 
 

Figure 70 ï Warning message for RASAero II being unable to import a RockSim file because of 

some rocket geometry incompatibility with RASAero II. 
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Scale Rocket Drawing 
 

As the Rocket Body and Fin Geometry Inputs are entered into RASAero II, a scale rocket 

drawing is created on the Main Screen.  The rocket Center of Pressure (CP) of each stage will be 

displayed, which will shift depending on whether the default Barrowman Method is 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), and the rocket 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 numbers; the 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 drawing also allows the User to 

check that the rocket geometry has been entered correctly. 

 

Example scale rocket drawings on the RASAero II Main Screen are presented in Figure 71 for a 

single stage rocket, and in Figure 72 for a two stage rocket. 

 

 

 
 

Figure 71 ï Scale rocket drawing on the RASAero II Main Screen for a single stage rocket. 
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Figure 72 ï Scale rocket drawing on the RASAero II Main Screen for a two stage rocket. 

 

 

As shown in Figure 73, the scale rocket drawing can be printed out by selecting <File>, <Print> 

or <Print Preview>.  The Print Preview screen as ready to be printed out is shown in Figure 74. 
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Figure 73 ï Printing out the scale rocket drawing by selecting Print or Print Preview. 

 

 

 
 

Figure 74 ï Print Preview for the scale rocket drawing. 
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Aero Plots 
 

After the rocket has been entered into RASAero II, the aerodynamic analysis code built into 

RASAero II can be run by clicking the Aero Plots button as shown in Figure 75, which will 

generate aerodynamic data plots for the rocket. 

 

 

 
 

Figure 75 ï Aero Plots button for generating rocket aerodynamic data plots. 

 

 

Figure 76 presents a typical aerodynamic data plot generated by RASAero II, the power-on and 

power-off drag coefficient (CD) versus Mach number. 

 

The reference area for the aerodynamic data generated by the RASAero II software is the 

maximum cross-sectional area of the rocket body, and is displayed on the Aero Plot plots labeled 

as ñSrefò in square inches. 
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Figure 76 ï Aerodynamic data plot; power-on and power-off drag coefficient (CD) versus Mach 

number. 

 

 

In addition to the specific aerodynamic data plotted in the aero plot, all of the aerodynamic data 

for the rocket is also presented in the tabular output below the plot as a function of Mach 

number. 

 

As shown in Figure 77, the aerodynamic data can be plotted to Mach 3, 5, 8, 10, or 25 by using 

the <Plot Data to:> pull-down menu.  After being selected to be plotted to Mach 3 in Figure 77, 

the aerodynamic data is plotted to Mach 3 in Figure 78. 
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Figure 77 ï Plotting aerodynamic data to Mach 3, 5, 8, 10, or 25 by using pull-down menu. 

 

Figure 78 ï Aerodynamic data plot; power-on and power-off drag coefficient (CD) versus Mach 

number, after being selected to Mach 3, plotted Mach 0-3. 
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Additionally, holding down the left mouse button will cause a ñlassoò to be formed as the cursor 

is dragged around the plot, as shown in Figure 79.  This square ñlassoò allows portions of the 

aero plot be ñzoomed inò (blown up).  The power-on and power-off drag coefficient (CD) versus 

Mach number plot shown in Figure 77 is ñlassoedò in Figure 79, and is shown after being blown 

up in Figure 80, showing the aerodynamic data plot zoomed-in to focus in on the Mach 0 to 5 

aero data. 

 

 

 
Figure 79 ï Mach 0-5 aerodynamic data being ñlassoedò and blown-up from Mach 0-25 

aerodynamic data plot. 
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Figure 80 ï Mach 0-5 aerodynamic data after being ñlassoedò and blown-up from Mach 0-25 

aerodynamic data plot. 

 

 

Using the left down arrow on the plot selection inputs on the Aero Plots screen, different 

aerodynamic data can be selected versus Mach number for the plots, the aerodynamic data which 

can be plotted versus Mach number is shown in Figure 81.  Using the right down arrow the 

aerodynamic data can be plotted versus angle of attack, the aerodynamic data which can be 

plotted versus angle of attack is shown in Figure 82. 
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Figure 81 ï Aerodynamic data which can be plotted versus Mach number. 

 

 
Figure 82 ï Aerodynamic data which can be plotted versus angle of attack. 

Figure 83 shows an aerodynamic data plot with the center of pressure (CP) selected to be plotted 

versus Mach number.  Note in Figure 83 the substantial forward movement of the center of 


