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In the early 2000s, the Physical Science Lab at New Mexico State
University was developing the Advanced High-Altitude Aerobody
(AHAB), which was a solar-powered, non-rigid, helium superpressure, aerodynamic airship designed to demonstrate variable
buoyancy propulsion.
This type of propulsion was first demonstrated in in 1863, when Dr.
Solomon Andrews first flew his hydrogen-filled Aereon airship over
Perth Amboy, NJ. In the early 1960s, Aereon Corporation (not
related to Dr. Andrews) built the Aereon III hybrid airship, which was
designed with the capability to fly with variable buoyancy propulsion
alone. Aereon III was badly damaged during taxi tests in 1966 and
never had the opportunity to demonstrate its variable buoyancy
propulsion capability.
Changing the buoyancy of an airship causes it to climb or descend.
As with Solomon Andrews’ Aereon, AHAB was designed to generate
a forward propulsive force during each climb or descent maneuver in
a repetitive porpoising flight profile. With this modest propulsion
capability, AHAB was designed for station-keeping operations in
near-space (very high altitude) where propellers would be ineffective.
Overall buoyancy of the AHAB airship was adjusted with an inner air
bladder. When ready for flight, the airship has positive buoyancy and
the helium super-pressure within the aerobody compresses the air
bladder. As the airship flies a gliding ascent, a vent valve can be
opened to release any air remaining in the air bladder, allowing the
unballasted craft to reach its maximum altitude (pressure altitude).
To transition to a gliding descent, a blower pumps ambient air into the
bladder, increasing the weight of the airship until it becomes
negatively buoyant. The descent is terminated by venting the air
bladder to the atmosphere.
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The AHAB aerobody carries a payload suspended below on several
retractable cables. Changing the length of the cables moves the
center of gravity and thereby controls the attitude of the aerobody.

The AHAB airship. Source: adapted from Air & Space Power
Journal, Winter 2005, Volume XIX, No. 4, p. 47
In 2004, Mary Ann Stewart, et al., reported, “This superpressure
balloon incorporates wing-like devices to give it a sleek aerodynamic
shape. AHAB is designed to offset the effects of light winds by using
a porpoising technique as necessary, trading altitude for horizontal
motion.”
Lt. Col. Ed Tomme and Sigfred Dahl provided additional performance
information, noting that such vehicles “will use a variety of
unconventional buoyancy-modification schemes that allow vehicles to
propel themselves by porpoising through the air at about 30 to 50
knots, enabling them to overcome all but the most unusual nearspace winds.”
In the 1-14 July 2019 issue of Aviation Week & Space Technology
magazine, former AHAB program manager, Mike Fisher, commenting
on the new Phoenix UAV, provided the following historical insights:
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“The Aerobody was a solar-powered lighter-than-air vehicle
(non-rigid rather than semi-rigid, as in the Phoenix) that
pioneered the idea of using a ballonet to cause buoyancy and
changes in center of gravity to enable propeller-less forward
flight.
We took the concept far enough to demonstrate the validity of
the underlying physics by building a subscale prototype that we
successfully tested in indoor flight tests. Ultimately, the thenexisting limits to photovoltaic cell and battery technology kept
us from going past the prototype stage.”
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