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MESOS 293K ft Flight Kate Summary Data
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MESOS 293K ft Flight RASAero II Rocket Input Geometry (Scale Rocket Drawing)
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• Surface Damage to Rocket from Mach 

4 Aerodynamic Heating and Erosion 

from High Dynamic Pressure

– From Roughing Up of Surfaces 

had Recommended Using 

Surface Finish of Rough 

Camouflage Paint for Mach 3 

Flights, and Flights Over Mach 3

• Effect of Increased Surface 

Roughness Apparently Not as 

Significant as Expected

• Surface Finish of Smooth Paint 

Provided Better Match to Flight Data 

than Rough Camouflage Paint

• Final Postflight RASAero II Flight 

Simulation Run with Surface Finish 

Set To Smooth Paint

Aerodynamic
Heating/Erosion
Damage to
Fin Leading Edge

Aerodynamic
Heating Damage
to Fins

Aerodynamic
Heating Damage
to Nose Cone

All Photos Kip Daugirdas
Used with Permission
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Forward Movement of CP at
High Supersonic Mach Numbers

Maximum Mach Number = 4.23
Stability Margin Just Under the 2.0 Calibers
Recommended by RASAero II Software
For All Supersonic Mach Numbers

Maximum Mach Number = 4.23

• Sustainer (Stage-2) Stability Margin

– Sustainer Stability Margin at Maximum 

Mach Number (Mach 4.23) Just Under 

the 2.0 Calibers Stability Margin 

Recommended by the RASAero II 

Software

• 2.0 Calibers Stability Margin Recommended 

for All Supersonic Mach Numbers

• Rocket Flown Successfully



How RASAero II Varies Thrust with Altitude

• Method Used in RASAero II to Vary Thrust with Altitude

– Equation for Thrust for Solid Rocket Motors and Liquid Rocket Engines (Conical Nozzle)

– Nozzle Mass Flow (    ) Not a Function of Atmospheric Pressure (       ), Does Not Vary with 
Altitude

– Exhaust Velocity (     ) Not a Function of Atmospheric Pressure, Does Not Vary with Altitude

– Divergence Angle Correction (    ) Does Not Change with Altitude, Applies Equally at All 
Altitudes

– Pressure Differential on Nozzle Exit Area [                        ] Varies Thrust with Altitude

=  Molecular weight of gas

=  chamber pressure

=  universal gas constant

=  chamber temperature

=  ratio of specific heats



How RASAero II Varies Thrust with Altitude (Cont’d)

• Method Used in RASAero II to Vary Thrust with Altitude (Cont’d)

– Nozzle Exit Pressure (     ) a Function of Chamber Pressure (     ) and Nozzle 
Expansion Ratio (    )

– If Chamber Pressure Time History Stays the Same, and Any Nozzle Throat Erosion 
with Time (Any Variation in the Nozzle Expansion Ratio with Time) Stays the Same, 
Then the Nozzle Exit Pressure Time History will Stay the Same, Even with Changes 
in Altitude

– If the Nozzle Exit Pressure Time History Stays the Same, Then the Change in Thrust 
with Altitude Will Be The Change in Atmospheric Pressure Applied to the Nozzle 
Exit Area



How RASAero II Varies Thrust with Altitude (Concl’d)

• Method Used in RASAero II to Vary Thrust with Altitude (Cont’d)

• In RASAero II Software:

– rasp.eng Motor Data is the Thrust at Reference Altitude Condition

– Atmospheric Pressure at Reference Altitude Condition is Assumed to be Sea Level 
Atmospheric Pressure

• rasp.eng Motor Data is Assumed to be a Sea Level Thrust Curve

– Thrust is Then Varied with Altitude in RASAero II Flight Simulation Using an 
Atmospheric Pressure with Altitude Model Anchored to Launch Site Atmospheric 
Conditions

– Nozzle Exit Diameter Input for Nozzle Exit Area is Not Only Used for Power-On Drag 
Coefficient (CD) Model, It Is Also Used for Thrust with Altitude (      in Equation Above)



Increased Nozzle Expansion Ratio Used on

Sustainer Stage (Stage-2) of MESOS Rocket

• Kip Daugirdas Planned to Use an Increased Nozzle Expansion Ratio on the MESOS 
Rocket Sustainer Stage (Stage-2) for Increased Performance at Altitude

• Original Sustainer Stage Motor had Been Static Fired at 5,000 ft Elevation with Low 
Expansion Ratio Nozzle

• To Help Assess Performance Benefit Chuck Rogers Backed-Out Chamber Pressure Time 
History from the Thrust Data from the 5,000 ft Elevation Static Firing, Then Created a 
New Sea Level Thrust Curve for the Motor with a High Expansion Ratio Nozzle

– Used Techniques from “Departures from Ideal Performance” Technical Article in 
Technical Report Downloads – Solid Rocket Motor Section on RASAero Web Site

– Note Chamber Pressure in Previously Presented Equations is Nozzle Stagnation (Total) 
Pressure, the Stagnation (Total) Pressure Entering the Nozzle.  It is Not the Pressure 
Measured at the Head End of the Motor, Which Needs to Be Corrected to Obtain 
Chamber Pressure.  (See “Departures from Ideal Performance”.)

– New Thrust Curve Converted to rasp.eng Motor Data Format

– Motor Never Actually Static Fired with New High Expansion Ratio Nozzle, New Thrust 
Curve was Based on Analysis, Not An Actual Static Firing

• New rasp.eng Thrust Curve Data with High Expansion Ratio Nozzle at Sea Level, Along 
with New Nozzle Exit Area, Could Then Be Used to Run RASAero II Flight Simulation

– Thrust Automatically Varied with Altitude in RASAero II Flight Simulation



Increase in Performance from Increased Nozzle Expansion Ratio on 

Sustainer Stage (Stage-2) of MESOS Rocket

RASAero II Flight Simulations

- No Wind

- All Turbulent Flow

- Surface Finish - Smooth Paint

- Sustainer (Stage-2) Ignition Delay Adjusted to Match Flight Data

- Launch Angle from Vertical = 2.77 deg

Low Expansion Ratio Nozzle High Expansion Ratio Nozzle

Nozzle Expansion Ratio = 6.5025        Nozzle Expansion Ratio = 12.84

(As Flown on Flight)

Sustainer Motor Ignition = 33,944 ft AGL          Sustainer Motor Ignition = 33,944 ft AGL

Sustainer Motor Burnout = 61,505 ft AGL                   Sustainer Motor Burnout = 62,471 ft AGL
Maximum Velocity = 3,834 ft/sec Maximum Velocity = 4,095 ft/sec

RASAero II                                                                           RASAero II

Predicted Apogee Altitude = 257,248 ft Predicted Apogee Altitude = 289,789 ft

GPS Apogee Altitude

AGL = Above Ground Level (Actual Flight) = 293,488 ft

Increased Nozzle Expansion Ratio

on Sustainer Stage (Stage-2)

Increased Apogee Altitude

by Approximately 30,000 ft



Summary

• Original MESOS Apogee Altitude Prediction Would Have Been Expected to be 
Approximately 230,000 ft

• Using High Expansion Ratio Nozzle on Sustainer Stage (Stage-2) Increased 
Apogee Altitude by Approximately 30,000 ft

• Surface Finish After Mach 4 Aerodynamic Heating Being More Accurately 
Modeled by Smooth Paint Rather Than Rough Camouflage Paint Increased 
Apogee Altitude by Approximately 10% (Approximately 30,000 ft)

• MESOS Rocket Reached a GPS Measured Apogee Altitude of 293,488 ft Above 
Ground Level, 297,398 ft Above Sea Level

– Rocket Reached 90% of the Altitude to the Karman Line = 100 km = 328,084 ft 
Above Sea Level (Definition of the Beginning of Space)
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