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Background. The slosh dynamics in cryogenic
propellant tanks under microgravity is a problem
that affects the reliability of a launch vehicle’s
upper-stage. In preparation for orbital insertion, the
upper-stage undergoes a series of maneuvers
which may lead to sloshing of the liquid propellants
- liquid motion generates inertial forces that push
back on the tank and may alter the motion of the
stage from its intended trajectory. Accurate
prediction of liquid slosh under dynamic conditions
can therefore substantially improve the reliability of
mission analysis in upper stage vehicles.
Experiments that allow full characterization of a
slosh event can provide the means to benchmark
low-gravity CFD predictions. When changes in
density and phase transitions are not significant,
this can be achieved by collecting synchronized
data from an array of cameras and multi-axial
accelerometers and gyroscopic sensors. Inertial
data and the initial distribution of liquid within the
tank can be input to a CFD model, and predictions
of the liquid distribution can be compared to the
actual liquid distribution at each time step.
Access to microgravity for dynamic slosh studies is
difficult and costly. Accessible experimental
platforms such as drop towers and parabolic flight
aircraft provide only tens of seconds of
microgravity
conditions,
while
access
to
experimental platforms that provide extended time
in microgravity (such as the International Space
Station) is costly and complex. XPC will provide a
unique opportunity to access several minutes of
microgravity without the high cost of a dedicated
mission.
Project Description. A preliminary study to deploy
an experiment to collect data of liquid slosh in
microgravity on board XPC has been conducted.
The proposed experiment consists of a partly filled
fiberglass tank supported inside a frame that will
also support an array of cameras and the required
electronics for synchronized acquisition of images
and multi-axis trajectory data (acceleration, rate of
rotation and heading).
The electronic payload on board XPC has been
designed to simultaneously acquire multi-axis
inertial and imaging data of the liquid distribution
within the tank during the first several minutes of
flight, including up to seven minutes of
microgravity, and send the corresponding encoded
data to a ground station using an S-band on-board
transmitter. The electronic payload consists of the
following components:

On board components: (i) 9-DOF analog inertial
measurement sensors (tri axial accelerometer, tri
axial gyroscopic sensor, tri axial magnetometer),
(ii) Analog data acquisition module, (iii) Pulse code
modulation encoder, (iv) IRIG time source, (v) GPS
receiver, (vi) Video capture board, (vii) S-band
telemetry transmitter, and (viii) Cameras and
lighting panels. Ground support equipment: (i)
Telemetry s-band receiver (provided by the range
receiver station), (ii) Data and video decoding
hardware, and (iii) Telemetry PCM processor (for
development, ground testing and debugging).
Two different solutions that provide the required
functionality based on flight-tested off-the-shelf
components have been investigated. A third option
based on CubeSat components is yet to be
explored in detail, and holds promise in terms of
substantially reducing hardware costs at the
expense of requiring more testing, development
and integration effort on part of the user. CubeSat
hardware is becoming more widely accepted as
more missions are successfully completed.
Risk Mitigation Study. A substantial component
of the cost of a payload stems from flight
qualification of the necessary components. This is
further aggravated in XPC’s case by the fact that
the location of the payload electronics within the
launch vehicle will be different than typical
locations in most missions, where payloads are
further away from the SRBs. As a result, the
environmental conditions at the XPC payload
compartment (electromagnetic interference, heat
and vibrations) are not entirely clear.
A preliminary risk mitigation study would help
assess the survivability and functional integrity of
the proposed payload in a comparable location
within the launch vehicle. Such study would
involve: (i) Integration and ground testing of the
proposed payload electronics using a PC-based
telemetry PCM processor to insure signal integrity
through the entire data capture and transmission,
including testing at a NASA / Air Force receiver
station. (ii) Development of a road map for flight
qualification of the integrated payload electronics,
based on the MIL-STD 140B/C standard, and (iii)
Deployment and flight test of one or more
candidate electronic payload(s) in the top
compartment under the nose of a SRB in a mission
prior to XPC. Using different frequencies within the
S-band, or a frequency-hopping transmitter, more
than one candidate system could be tested for
survivability and signal integrity in one mission.

