PROPOSED PLAN OF WORK FOR ICCALS DEMEVAL PROGRAM





     The initial ICCALS DEMEVAL PROGRAM will consist of simulation, design, build and test phases.  The program will be jointly conducted by NNS, Thiokol, and the Government labs represented by NSWC and ARDEC.  The program members will be acting as a Design-Build team in conjunction with NAVAIR PMA251 and NAWC Lakehurst.  The first phase of the program will consist of several design and simulation investigations.  The purpose of these joint efforts will be to create and refine a physics based math model of the ICCALS launch system.  This model will be used as the basis for concept design of the various components of the system and initial investigations of system behavior and response to varying parameters.  The data from the model will be used as the basis for procurement and design of the required components.  As the components are procured and constructed, bench test programs and subscale testing will be accomplished to provide empirical data for refinement and validation of the model.  The refined model will then be used to re-investigate and improve the ICCALS component designs where beneficial.


     The second phase of the program will consist of construction and test of prototype hardware for concept evaluation.  This will involve subscale and full scale hardware to support bench testing to validate concept design and provide empirical data for construction of hardware for DEMEVAL testing at NAWC Lakehurst.  Construction of specific hardware will be accomplished, where appropriate, at the facility of the activity designated as lead for the system in which the hardware is utilized.  Testing of combustors and assembled systems will take place at Thiokol or as appropriate as agreed by NNS.  Required test facilities will be made available at Thiokol or constructed on site at Thiokol as necessary.


     Full scale testing of the ICCALS system at Thiokol will consist of assembly of the entire DEMEVAL system with up to three combustors operated in a staged sequence to duplicate a maximum energy launch.








Definition of Requirements based upon Industry Brief and RFP requirements


Break-out of requirements by functional area of the hardware


Definition of requirements for Combustor assembly:


Ignition devices


Injection devices


Working pressure


Mass flow rate(s)


Metering hardware for fluids


Definition of requirements for oxidizer/ fluid and fuel systems


Combustor control system





1 Propellant selection - select candidate propellants based upon:


1.1  Energy output


1.2 Igniteability


1.3  Predictability of combustion


1.4  Stability of propellant in storage over time


1.5  Material compatibility with storage/handling system


1.6  Environmental compatibility


 Cost per launch





2  Shipboard Tankage and piping system component selection and design.  


2.1  Tankage sizing and design for main storage tanks and day tanks


2.2  Tankage location for main storage tanks and day tanks


2.3  UNREP equipment design and location for taking on fuel and related equipment


2.4  Pumps, valves and piping for loading, offloading and transferring fuel between the


        UNREP station and the various tanks.


2.5  Material compatibility design considerations


2.6  Oxidizer monitoring and maintenance systems





3  Combustor Fuel Delivery Control System, consisting of


Oxidizer flow rate and pressure required to support max combustor mass flow rate


Max flow rate oxidizer will support


Max flow rate to maintain passivation layer of stainless piping/components


Max shear rate of oxidizer allowed in pumps or valves at max pressure


Pumps for oxidizer, fuel water and hydraulic systems


Hydraulic pump used to charge accumulators against HP air source


Low pressure pumps used to move fluids into and pressurize day tanks


Only oxidizer pumps will require high level of care for compatibility


Accumulators for oxidizer, fuel, water and air


 Material selection


Oxidizer accumulator will be Parker H3 20” diameter stainless or equal


       3.3.1.1.1  Define surface passivation method


Fuel accumulator may be stainless or carbon steel, diameter appropriate


Water accumulator may be stainless steel or other non corroding alloy


Testing will be required to demonstrate material compatibility


3.3.2 Sizing of accumulators will be in accordance with volume and flow requirements


3.3.3 Charging method will be via hydraulic plant and ram


Current shipboard catapult hydraulic plant may be sufficient


Additional or 4th pump may be required to support peak hydraulic flow


Valves with computer operated actuators 


     3.4.1  Flow control for throttling combustor output


     3.4.2  Flow diversion or purge


     3.4.3  Shut-off and isolation valves


3.5  Sensors


Flow rate


Pressure


Temperature


Flame detectors


Piping


Material type driven by compatibility with appropriate fluid


Sizing


Minimize pressure drop at maximum flow


Control flow rates to protect oxide layers


3.6.3  Investigate lining systems for piping to extend life





4  Combustor


4.1 Combustor housing design. 


      4.1.1 Geometry of the combustion chamber and parameters such as dimensions,


      4.1.2 Wall thickness, materials and stress from cyclic thermal/pressure loading


4.2  Variable exhaust orifice requirements, considering:


4.3  Design pressure 


4.4  Mass flow requirements 


4.5  Thermal management


Actuation mechanism


Precombustor architecture


5  Igniter


Absolute requirement for reliability. May Consist of dual ignition circuits. Investigate:


JP5-air with spark/railplug ignition in precombustor


 Laser ignition


Infrared thermal deposition


Dwell time in laser beam


Pyro charge cartridge ignition


 Hot element ignition


JP5 - air in precombustor


JP5 - HAN in combustor main body or precombustor





6  Fuel / oxidizer / water Injector technology


6.1  Flow rates


Pressure drops required across injector to prevent propagation of combustion


   through the injector into supply side


 Injector area required


Method for variable area


 6.4.1 Staged injectors fed by staged feed control valves


Pressure operated poppet valves opening at different pressures


Multiple orifices uncovered by sliding sleeve at geometric area rate





Required supply pressures from accumulators


Purge methodology for end of launch


Air purge


Water purge


Inert gas purge





7  Steam Generator


7.1  Mass flow


7.2  Plume shape exiting combustor


7.3  Plume splitting techniques


Water injection methodology


Spray nozzle arrangement














8 Master Catapult Control System


8.1  Main Control System architecture (PLC_PID_PC)


8.2  Remote Control Stations for plane monitoring and launch


8.3  Fiber Optics data bus / multiple redundant data path


8.4 Sensor data acquisition rate and method


8.5 Actuators


8.6 Software (modification of LabView or other process control software)


Data Input Points (manual and automatic)


Man-machine interface design





9  Risk


Schedule


Critical path determination


 Long lead material determination and ordering


Program management


Technical


Propellant selection and handling


Ignition method selection


Combustor design


Injection methodology


Throttling valves


Cost


Program management of overhead


Design / test sequence success





10  Logistics 


 10.1 Logistics tail and requirements


Manufacturing of oxidizer


Quality control


Capability of vendor to produce proper quantities


Transport to shore storage


Specialized transport equipment (commercial)


Manage oxidizer quality


Transport to ship


Fleet oiler mods for tankage and transfer equipment


UNREP equipment mods for additional fluid transfer


Handling of excess / unused oxidizer 


Transfer of excess oxidizer from ship to storage


Verification of oxidizer quality


Removal from ship at pier to transport equipment


Transfer to approved storage facility


Handling  of contaminated or off - specification oxidizer


Reprocess material to original specifications and return to stores


Destroy material by neutralization and dispose of as per procedure











11  Ship integration and impact


Volume requirements


Combustors


  Feed system


  Day tankage


  Shipboard tankage


  Oxidizer handling and transport 


Weight d
