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Future space missions emphasize long duration
capabilities and the utilization of on-orbit propellant
depots as essential pieces of the space
transportation infrastructure. The development of
orbital propellant depots has been established as
one
of
NASA‟s
Flagship
Technology
Demonstration Programs in an effort to advance
space exploration and enhance mission efficiency.
Many conceptual propellant depot designs utilize
spinning upper-stages derived from existing launch
vehicle configurations. Liquid propellants onboard
spinning space systems have a tremendous effect
on spacecraft attitude and stability. Resonant
modes, propellant excitations, and viscous effects
can induce fluid motions within partially filled
propellant tanks, known as fuel slosh, causing
energy dissipation. A thorough understanding of
fuel slosh dynamics and its effects on rotational
stability and propellant depot operation are
essential for developing on-orbit propellant transfer
and storage technologies.
Recent microgravity flight experiments have been
conducted on board NASA’s reduced gravity
simulation aircraft to determine the oscillatory
stability of a mock-up on-orbit propellant depot.
During these flight experiments, the mock-up was
spun about its minor axis, using a semiautonomous three-axis spin rig, and allowed to
precess unharnessed in the microgravity
environment. A single tri-axis accelerometer,
mounted along the mock-up’s spin axis, was then
used to wirelessly transmit angular acceleration
changes to the nearby data acquisition system.
These experiments have provided insight as to
how on-orbit propellant depots physically behave
while operating on-orbit, however, due to the
limited amount of microgravity time these
experimental flights allow (between 20 and 30
seconds), the amount of data gathered is
somewhat sparse and in many instances
inconclusive. Thus the larger amount of
microgravity time a sub-orbital research flight
would provide should greatly enhance the
experimental data gathered as well as simulate the
propellant depot’s on-orbit behavior more
accurately.
Currently, many aerospace companies are working
to develop sub-orbital vehicles that would supply

organizations and researchers the ability to
conduct manned and unmanned experiments in a
prolonged microgravity environment. Should this
type of vehicle become flight ready and operational
an experimental test rig, similar to the three-axis
spin rig developed for aircraft microgravity flights,
would be designed and developed to conduct
further propellant depot related experiments.
These experiments would include propellant in/out
flow demonstrations using various propellant
transfer techniques as well as experiments to
determine on-orbit operational and dynamical
benefits of spin stabilization. The successful
completion of these types of experiments would
effectively raise the Test Readiness Level (TRL) of
on-orbit
propellant
storage
and
transfer
technologies to a point where life size prototypes
could be tested in an actual on-orbit scenario.

Figure 1. ULA's Centaur derived on-orbit propellant
depot.
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