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Venus is the only planet where sustained flight 
has been accomplished with the two VEGA 
balloons three decades ago?  
Is the time ripe for a return to Venus with 

aerial platforms and if so what type of vehicle 
should it be?

Mars has been the target for numerous 
attempts to develop a mission involving 
sustained flight

French Mars Aerostat of 1980s
JPL Mars Aerobot of 1990s
Mars airplane – Kittyhawk 2003
Mars airplane – ARES 2000

Each has failed to gain sustained support as an 
exploration capability.
Can the rotorcraft succeed?

Titan is viewed by many as the ideal 
destination for aerial exploration whether by 
LTA or HTA vehicles?  
What technical developments are needed if 
aerial exploration is to play a key role in the 
next phase of the exploration of Titan?
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Vega I and Vega II Aerostats (U.S.S.R, 1985)



Motivation for Altitude-Controlled Balloons

• Planetary atmospheres are usually highly structured in the 
vertical dimension.  Profiles provide far more information than 
constant-altitude trajectories.

• Repeated soundings allow layers to be probed and verified.

• Situational awareness (above and below balloon) helps mission 
controllers minimize risks and maximize scientific return.

• Balloons can also be “navigated” using wind shear in order to:
- Control poleward drift and extend flight duration
- Hedge against unforeseen features of the circulation
- Track atmospheric layers and observe processes

• Payload temperature can be controlled by short descents into 
hotter regions followed by cooling at higher altitudes.

• Power management with solar charging above the cloud layers
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In Situ Measurements of Sulfur Dioxide Plume
Halemaumau Crater, Hawaii

Photo Credit: J. Cato









Superpressure Depends on Solar Angle
with Smaller Deviations for Altitude Control
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Approximate
Altitude Range

~ 230 K



Lift-Gas Compression vs. Ambient-Gas Compression
Required Balloon Volumes, Superpressure, and Compressor Power



http://nssdc.gsfc.nasa.gov/image/spacecraft/vega-mission.jpg





Thank you…
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