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Introduction: In 2009 undergraduate students in
the School of Aeronautics and Astronautics at Purdue
began designing and building a small, automated lowgravity fluid dynamics experiment. The enabling step
was an agreement with Armadillo Aerospace that offered Purdue a ride for an experiment on a test flight.
This flight happened in December, 2009 and led to
further interest in the industry and in NASA. This
year’s paper reports on the most recent advances in the
student flight-experimetn program in the School of
Aeronautics and Astronautics at Purdue University.
Student effort is organized and led through the author’s original and long-running class, AAE 418
“Zero-Gravity Flight Experiments”[1]. This class was
created to maximize student benefits from participation
in the annual NASA Reduced Gravity Student Flight
Opportunity Program (RGSFOP) and, in fall semester
of 2009, became the ideal vehicle with which to teach
low-g experiment design for rocket launches. Running
every semester now, AAE418 provides students important design-biuld-test educational experiences.
Armadillo Experiments
Experiments to date are capillary fluid physics experiment. The Armadillo experiments, known as
SPEAR for Students of Purdue Experimenting on Armadillo Rockets, examine the minimum-energy state
of a liquid volume and the dynamics of the transitions
to other toplogies. This is motivated by 3-D computations performed by the author and a researcher at a
CDC lab in West Virginia[2]. It is known that early
“boosted-hop” flights will not produce zero-gravity but
rather something more like Lunar or Martian gravity,
so the experiment is designed to explore the fluid
physics in these partial gravities.
The SPEAR-1 experiment flew in December 2009.
This effort delivered no science data but delivered lessons in instegration, ground operations, and triggering.
SPEAR-2 is ready to fly, tentatively in very early
2011. SPEAR-2 contains a passive fluids experiment
in which a fixed volume of liquid in a circular tube,
with the tube axis perpendicular to gravity, will be
stable as a puddle in 1-g and higher accelerations, as
shown in Fig. 1. When the engine throttles down, approximately 1/3 g may be expected, and the liquid will
transition from the puddle to a plug. Sizing of the tube
depends on g-levels, contact angle of the liquid on the
walls, density, and surface tension. While the statics

are modeled well be the Surface Evolver code, summarized in Fig. 2, the dynamics of the transition are not
modeled well at present by any CFD code.

Figure 1. Example of the limit of the puddle as gravity is decreased. Any further decrease in gravity
causes the upper contact lines to meet, causing transition to a plug in the tube.

Figure 2. Prediction of linearly stable states of a
known volume of known liquid in the SPEAR-2
experiment. The differing transition g-levels for the
two `directions’ is not uncommon in capillary systems.
Masten Experiments:
The goal of the initial experiment for Masten Space
Systems flights is risk-reduction for a possible third
generation of the Vane-Gap experimments in the International Space Station. The Vane-Gap experiment
first flew in 2006 and 2007[3]. This first iteration of
the Vane-Gap experiment proved highly successful,
leading to advances in understanding of both the apillary positioning of liquid masses in complex geometries and in the dynamics of the motion. Presently the
second generation of the two Vane-Gap containers are
in orbit. Operations began November 8, 2010 and
again successful operations are reported.

A possible third generation of the experiment is to
examine tapered vanes and the design of this geometry
is the master’s thesis topic of the third author. Any
sub-orbital flight is too brief to perform the experiment
that is being designed for hours of operations on orbit,
but a three-minute flight can be used to reduce risk in
the design. Specifically, predictions of numerical
modeling can be verified sufficiently well to provide
great confidence that a new design will function on
orbit. This includes the filling the container in weightlessness and the existence of very strong wicking in
one specific geometry out of the hundreds anticipated
for orbital operations.
Experiment hardware design is an undergraduate
effort advised by the first author. Students are designing, machining, soldering, testing, etc., the fluids
hardware, the triggering electronics, and the data acquiaition system. The experiment is in the same size
range as the SPEAR-1 and -2 experiments for Armadillo – approximately 5kg and under a cubic foot of
volume. For the sake of comparison, Figure 4 shows
the SPEAR-1 experiment fully assembled.
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Figure 3. Example prediction from the numerical
modeling effort for the Masten experiment. The geometry is a circular tube with a rectangular vane inside
of it in 1/3g axially downwards. Vane width is 90% of
the tube ID. White facets show the meniscus and top
of the vane, yellow facets show dry walls of the cylinder or vane. Liquid is below this interface, air above.
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Figure 4. The SPEAR-1 expeirment at Armadillo’s
facility being filled with liquid by the students prior to
loading into the rocket. This image is from the December 2009 flights.

