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Vacuum System Technologies

John C Stennis Space Center is embarking on a very ambitious era in its rocket engine propulsion test history. The
construction of the new A3 test stand is in progress which is designed to test a very large (294,000 Ibf thrust)
cryogenic rocket engine at a simulated altitude of 100,000 feet. When the air in the engine test chamber is
evacuated, the simulated altitude pressures inside the test chamber will be less than 0.20 PSIA. This will result in a
very unique environment with extremely low pressures inside a very large chamber and ambient pressures outside
this chamber. Due to the unique nature of this test facility, new technologies and measurement techniques will
need to be developed which includes but is not limited to:

¢ Instrument closeouts at vacuum pressures for hundreds of channels of instrumentation entering the
chamber;

¢ New sealing technologies for large cryogenic piping entering this very large test cell wall to seal against this
unigue environment;

e Methods of generating vacuum for test, measurement and calibration of test stand systems and
instrumentation;

¢ Fatigue life prediction techniques for the thousands of square feet of sheet metal used in the construction
of the test chamber and diffuser ducting which will be cycling between ambient and vacuum pressures;

¢ Inspection techniques for the vacuum chamber structures and diffuser ducting.

GHe Reclamation

Due to the size of the cryogenic rocket engines and the test facilities required to test the engines, extremely large
quantities of helium are used during testing each year. This requirement makes Stennis one of the world's largest
users of gaseous helium which is a non-renewable natural resource. Cost of helium is increasing as the supply
diminishes. The cost and shortage of helium are beginning to impact testing of the rocket engines for the space
propulsion systems.
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Innovative solutions are needed for efficient, cost effective, in-situ methods to recapture helium used during the
engine purging and testing processes, to reclean the captured helium, to repressurize it, and then to reintroduce it
for reuse. Research into technologies in these areas, demonstration of the technology capability, and conceptual
design for the technology installation at Stennis are desired to assist in the helium reuse.

Helium used in rocket engine purge must meet very specific cleanliness standards. One of the challenges will be to
develop and in-situ, on-site helium re-utilization system capable of recycling the helium to the cleanliness standards
requirements.

The technologies developed to recapture and clean the helium must be cost effective and able to perform the
recycling process in an in-situ rocket engine test area environment. It will be required to comply with all safety and
quality standards required in this environment.

Hydrogen Reclamation

Due the testing of cryogenic rocket engines, SSC is one of the world's largest users of hydrogen. Currently, the
LH2 is brought to SSC by trucks. During transfers and test operations, there huge amounts of LH2 lost due to
boiloff as the heat in the systems causes the LH2 to phase into gaseous hydrogen. Conservatively, approximately
one half of the hydrogen bought for use in test programs is lost or wasted during these operations.

The vast majority of this hydrogen boiloff is burned in the facility flare stacks as a safety precaution. The capability
to reclaim and reutilize this hydrogen boiloff could offer potential savings of millions of dollars annually. The
emerging hydrogen economy has developed systems and technologies that could potentially make use of this
wasted hydrogen if methods were developed to recover at least a portion of the boiloff for reuse. A potential
utilization would need to capture, reclean, repressurize and store this boiloff for reuse by the test facility. Options for
the reuse of this reclaimed hydrogen could be as GH2 in the test facility or potentially even other alternate energy
uses. Another possible option would be to reliquify and reuse the boiloff as propellant if this were economically
efficient.

Innovative solutions are needed for efficient, cost effective, in-situ methods to recapture the hydrogen boiloff, to
reclean and repressurize it, and then to store it for reuse. Research into technologies in these areas, demonstration
of the technology capability, and conceptual design for the technology installation at Stennis are desired to assist in
the hydrogen recovery and reuse.

The primary challenge will be to safely capture, process and store the large amounts of gaseous hydrogen
released during test operations. Gaseous hydrogen used in rocket engine test operations must meet very specific
cleanliness standards. Another challenge will be to develop an in-situ, on-site system capable of recycling the
captured hydrogen to the cleanliness standards requirements. An additional challenge will be to determine the
appropriate utilization of the recaptured hydrogen for test operations or alternative energy uses.

The technologies developed to capture and clean the hydrogen must be cost effective and able to perform the
recycling process in an in-situ rocket engine test area environment. It will be required to comply with all safety and
quality standards required in this environment.
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