

              LH2 DENSIFIER RIG AND FACILITY

The Densification Unit weighs approximately 65,000 lbs. and is mounted on a 18 ft. by 67 ft. I-beam skid. The Unit is designed to be transported by aircraft or truck and is meant to be used in an environment indigenous to North America. The Unit is designed to process 8.0 lb./sec. of LH2 sub cooled to 27.0 deg. R. The major components of the system include a gaseous hydrogen compressor, LH2 heat exchanger, and a LH2 recirculation pump. The LH2 pump will recycle fluid from RLV LH2 tanks through the heat exchanger and back to the RLV. The gaseous H2 four stage centrifugal compressor is designed to maintain the LH2 heat exchanger bath pressure constant.

The Facility (building 100 control room area and south 40 site area) provided electrical power to the Unit is over a single 480 vac/3 ph. feed, at a 750 KVA capacity. Integral 120/208 vac power is derived at the skid. The Unit's integral UPS will provide a minimum of 30 minutes of power to the on-board PLC and instrumentation during a power feed loss. This allows for continued densifier data collection, process monitoring, and for a controlled shutdown.

The Facility systems used to test the Densification Unit are made up of a liquid H2 system consisting of (1) 28,000 gallon vacuum-jacketed stationary storage dewar, (1) LH2 roadable storage dewar, vacuum-jacketed transfer lines, test tank, vent systems. A gaseous H2 road able tube trailer station is used for re-saturation purposes of sub-cooled LH2 in the heat exchanger and for pressurization of the test tank as well as the LH2 storage dewar. A gaseous He roadable tube trailer station is used for purging and pressurizing. A gaseous N2 system is used as a valve operator gas, for pre-test/post test H2 vent system purges, and for electrical enclosure purges. A liquid N2 system is used for cold shock and preliminary systems operational validation tests.

All electrical systems conform to NFPA  70-1996, NEC. The hazardous area classification for the LH2 Densification Unit/Facility is Class I, Division 2. NFPA 50, the standard for bulk Hydrogen systems offers additional requirements and guidelines. Explosion proof housings, intrinsic safety devices, and N2 electrical enclosure pressurization/purging methods are utilized in the electrical design.

ModBus Plus is the serial communication protocol between the LH2 Densification Unit and the Facility control room. This command/data interface can be connected via a twisted pair copper wire cable or a fiber optic cable link. There is a hardwired shutdown/interlock consisting of various controls including a master key switch and reset, start, and stop pushbuttons. Indicators also show system status.

The control room contains (2) control PCs for the LH2 Densification Unit and (2) control PCs for the Facility. The LH2 Densification Unit's PCs act as backups for one another as do the Facility's PCs. Propellant densification process data is stored locally in the control room. UPSs are used in case of a power failure---certain necessary operations can continue for a minimum of 30 minutes. Wonder Ware is the HMI control display programming software (with touch screen activation). Concept is the Modicon Quantum PLC programming software. 

Closed circuit TV monitors in the control room observe the test site area when the tests are run.

Multiple "fire eyes" (H2 flame detectors) were also slated to be used to monitor the test area for possible H2 fires.

