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RESEARCH AND TECHNOLOGIES FOR AEROSPACE PROPULSION SYSTEMS 2 (RTAPS2)

STATEMENT OF WORK

1.0 Objective
The objective of this proposed task order contract is to develop, demonstrate, and verify advanced propulsion system technologies as part of NASA’s ongoing, long-term aerospace research programs, addressing a wide variety of propulsion issues. Applications include subsonic and high speed air vehicles, as well as aviation safety and space exploration applications.

2.0 Scope

The Contractor shall furnish all personnel, facilities, equipment, material, supplies, and services, except as may be expressly set forth in the contract agreement as Government Furnished Property, and otherwise do all things necessary to, or incident to, performing and providing the work efforts set forth in the following areas. Contract scope includes analytical and experimental investigations covering a wide variety of propulsion components, sub-components, and technologies having either Government, commercial, or military application. This contract may be used to support all NASA Centers that require work within the scope of this Statement of Work (SOW). The Contractor shall perform task orders in the following technology areas:
2.1 Technology Area 1: Air Breathing Propulsion Technology



2.1.1
Concept Development and Systems Studies 


2.1.2
High Power Density Engine Turbomachinery 


2.1.3
Advanced Combustors and Alternative Fuels 


2.1.4
Low Noise Propulsion Technologies


2.1.5
Inlets and Nozzles


2.1.6
Variable, Combined and Hybrid Engine Systems 


2.1.7
Engine Icing


2.1.8
Materials and Structures


2.1.9
Instrumentation, Sensors, Controls and Intelligent Systems
NASA has requirements for the development and demonstration of advanced engine technologies that will enable revolutionary improvements in emissions, noise, capacity, and safety with increased operating efficiency and reduced fuel consumption. These goals will in part be accomplished through the execution of task orders. The technical elements included in Technology Area 1 are as follows:

2.1.1 Concept Development and Systems Studies

The Contractor shall perform concept development and system studies of nontraditional propulsion and/or vehicle arrangements and advanced aerospace systems configurations to meet NASA program goals. These concepts include conventional and unconventional heat engines, electric motors/generators, electric power management and distribution, alternative fuels, alternative energy sources, heat transfer devices, gearboxes, propulsion integration, advanced aerospace systems and advanced operational scenarios such as autonomous vehicles. System studies include performing system analysis and design of aerospace propulsion systems and their installations on aerospace vehicles to evaluate advanced engine technologies and aerospace system concepts that have the potential for improving system performance, weight, emissions, fuel burn, noise, safety and costs.

The aerospace industry has adopted the NASA developed Numerical Propulsion System Simulation (NPSS) framework as a standard for studying various aspects of the concepts described above. Many of the tasks in this area will require the use of NPSS, therefore, the Contractor must have a demonstrated knowledge of the application of NPSS model development through use in past programs or applications. The demonstrated ability to develop NPSS models for complex unconventional systems as well as integrate new models within the NPSS framework is also required.

The scope of work under this element includes the following:

(1) The Contractor shall develop and validate empirical, statistical, and physics-based analytical models that are robust enough to handle non-conventional configurations. These models may be used for understanding the basic underlying physical phenomenon of the system or subsystem as well as for predicting aerospace systems and/or component performance, weight, emissions, reliability, life, safety and cost.

(2) The Contractor shall define goals and figures of merit for overall systems as well as for individual technologies within the context of overall program and project goals and objectives.

(3) The Contractor shall conduct technology trade studies, mission analyses, safety analysis and market/ cost scenario studies to identify and evaluate aerospace systems and assess their contributions towards meeting program and project goals and objectives.

(4) The Contractor shall perform system simulations of aerospace systems and subsystems from a 0-D level up through a multi-disciplinary 3-D level.

(5) The Contractor shall perform aerospace systems conceptual, preliminary and/or detailed design studies in support of advanced concept definition, development and/or testing.

(6) The Contractor shall conduct risk and safety assessments of advanced aerospace systems.

2.1.2 High Power Density Engine Turbomachinery

The Contractor shall identify, evaluate, develop, and demonstrate advanced turbomachinery technologies that result in reduced fuel burn, increased efficiency, increased safety, increased durability, increased operability, reduced noise and/or improved performance of aircraft, rotorcraft, or other aerospace engine systems.

The scope of work under this element includes the following:

(1) The Contractor shall develop and provide analysis of conceptual and detailed designs of advanced turbomachinery concepts. These advanced turbomachinery concepts shall contain one or more of the following features:

(a) High-bypass ratio fans and open rotors, advanced low- and high-pressure compressor and turbine components, alternative advanced components, and subsystems

(b) Low loss variable inlet guide vanes, rotors, stators, transition ducts, seals, and secondary flow systems and struts

(c) Efficient wide variable-speed operations

(d) Reduction gear systems, lubrication systems, oil-free components, rotor support systems

(e) Mitigation of leakages in high-pressure ratio, low corrected flow, and compressor rear stages

(f) Aerodynamic stage matching technologies for efficient multistage transonic compressors

(g) Advanced turbine cooling concepts and materials

(h) Advanced power turbine blades and vanes that are tolerant to large incidences
(i) Advanced high pressure compressor blades that are tolerant to large clearances

(j) Advanced casing treatments that allow for efficient operation at low corrected flows

(k) Integration of turbomachinery components with hybrid propulsion systems
(l) Structural, aerodynamic, aeroacoustic and leakage performance assessment of turbomachinery components and systems as well as their cost and reliability

(m) Other features resulting from current system studies

(2) The Contractor shall demonstrate advanced turbomachinery technologies in component test rigs including the fabrication and verification testing of advanced fan, compressor and turbine components, seals, reduction gear systems, rotor support systems, secondary flow systems, and subsystems in test rigs.

(3) The Contractor shall develop and experimentally validate empirical, statistical, and physics-based analytical models including models as they apply to turbomachinery components and systems for aerospace engines . These include models of turbomachinery, seals, reduction gear systems, rotor support systems, and secondary flow systems.

2.1.3 Advanced Combustors and Alternative Fuels

The Contractor shall identify, evaluate, develop, and demonstrate advanced combustor and fuels technologies that result in reduced emissions, reduced fuel burn, increased efficiency, increased safety, increased durability, and/or improved performance for aerospace engine systems. The Contractor shall also develop analytical design tools as well as identify and evaluate advanced technologies for combustor subcomponents such as fuel injectors, flame-tube and sector combustor test hardware, alternative fuels, combustor liners (metal and ceramic composite), control systems, and ancillary hardware.

The scope of work under this element includes the following:

The Contractor shall develop and validate empirical, statistical, and physics-based analytical models for predicting combustor performance and/or emissions. This includes empirical methods, analogy-based models, and computational combustion chemistry models robust enough to handle non-conventional combustors and fuels and accurate enough that the combustors and engine systems can be designed to a very close tolerance of the actual performance and emissions with very little margin of error. Individual tasks involving the development of new or improved modeling or analysis techniques will identify the accuracy to be achieved and the standard by which that accuracy will be judged. It should be expected that such development efforts will achieve a distinct improvement over the then existing state of the art.
(1) The Contractor shall conduct an assessment of advanced concepts, analytical tools, non-intrusive diagnostics and barrier technologies for the design of combustors.

(2) The Contractor shall develop conceptual, preliminary, and/or detailed designs of combustors and their subcomponents such as fuel injectors, combustion liners, fuel supply delivery systems and combustion instability control systems and associated test hardware.

(3) The Contractor shall develop and demonstrate ancillary hardware and instrumentation to perform electronic health monitoring, monitoring of fluid/combustion control functions at real engine operating conditions, emissions and particulate measurements.

(4) The Contractor shall demonstrate and validate advanced combustor technologies through fabrication and testing of components and systems. These tests may include flame tubes, sector rigs and full annular combustor rigs, and engine tests with the instrumentation required to assess the aerothermal characteristics, emissions, operability and performance of the combustor concepts. 

(5) The Contractor shall develop thermal management systems to overcome potential coking problem that include fundamental understanding of jet fuels/alternative fuels and fuel additives under super heated conditions.

(6) The Contractor shall develop, evaluate, and test advanced alternative fuels and fuel additives for aerospace applications.

2.1.4 Low Noise Propulsion Technologies

The Contractor shall develop and demonstrate advanced technologies to reduce aircraft engine noise such as fan noise, jet noise, engine core noise and propulsion/airframe interaction noise. Advanced noise reduction technologies may include those required to enable novel propulsion systems for improved overall performance which may include advanced concepts such as high-speed propellers and novel engine/airframe integrations schemes.

The scope of work under this element includes the following:

(7) The Contractor shall develop and validate empirical, statistical, and physics-based analytical models for predicting engine and/or engine component noise. This includes empirical methods, acoustic analogy-based models, and computational aeroacoustics techniques robust enough to handle non-conventional geometries (variable cycle, variable duct geometry, etc.), including embedded engines. The models must be accurate enough that the aircraft can be designed to a very close tolerance of the actual noise level with little margin of error. Individual tasks involving the development of new or improved modeling or analysis techniques will identify the accuracy to be achieved and the standard by which that accuracy will be judged. It should be expected that such development efforts will achieve a distinct improvement over the then existing state of the art.
(8) The Contractor shall develop conceptual, preliminary, and/or detailed designs of low noise propulsion technologies and low noise propulsion systems.

(9) The Contractor shall design and fabricate test hardware for measurement of fan, jet, core, propeller, and engine integration/interaction noise. Additionally, the Contractor shall design and develop diagnostic systems for identifying noise source locations and strength.

(10) The Contractor shall demonstrate and assess advanced noise reduction concepts and technologies on component test rigs, engine tests, and flight tests.

2.1.5 Inlets and Nozzles

 The Contractor shall identify, evaluate, develop, and demonstrate advanced inlet and nozzle technologies that result in reduced fuel burn, increased efficiency, increased safety, increased durability, reduced noise, improved performance and/or reduced sonic boom for aerospace engine systems. In addition, the Contractor shall develop and demonstrate advanced technologies that enable high-speed vehicles through use of combined cycle or variable-bypass engine cycles.

The scope of work under this element includes the following:

(1) The Contractor shall develop and validate empirical, statistical, and physics-based analytical models for designing and/or predicting performance of inlets and nozzles (e.g., weight, bleed requirements, operability, stability and sonic boom signature). The Contractor shall develop methods robust enough to handle non-conventional geometries (variable cycle, secondary streams, variable duct geometry, embedded configurations etc.) and accurate enough that the propulsion system can be designed to a very close tolerance of the actual performance with little margin of error. Individual tasks involving the development of new or improved modeling or analysis techniques will identify the accuracy to be achieved and the standard by which that accuracy will be judged. It should be expected that such development efforts will achieve a distinct improvement over the then existing state of the art.
(2) The Contractor shall provide an assessment of advanced concepts, analytical tools and barrier technologies for the design of inlets and nozzles.

(3) The Contractor shall provide conceptual, preliminary, and/or detailed designs of advanced inlet and nozzle systems and subsystems.

(4) The Contractor shall design and fabricate test hardware for measurement and evaluation of inlet and nozzle performance.
(5) The Contractor shall demonstrate and assess performance of advanced inlets and nozzles in wind tunnel, test rigs, and flight tests.

2.1.6 Variable, Combined and Hybrid Engine Systems

The Contractor shall develop variable, combined or hybrid cycle engine technologies needed to enable aircraft with enhanced capabilities such as improved performance characteristics over a wider speed range.

The Contractor shall develop advanced engine technologies for supersonic aircraft to change the effective cycle of the engine from high bypass at takeoff to low bypass at supersonic cruise. These technologies may include variable geometry in the fan, compressor, and possibly the turbine. In addition, the Contractor shall investigate and develop engine technologies with more flow streams than traditional turbofan engines to benefit both subsonic and supersonic aircraft by enabling higher operating efficiency at takeoff and cruise conditions.

For even higher Mach number capability necessary for hypersonic engine applications, the Contractor shall investigate and develop technologies to withstand higher temperatures and be capable of even wider operating ranges. These high Mach engines will require additional capability for combined cycle engines to transition from one engine mode (such as a turbine) to alternative propulsion systems such as ramjet-scramjet.

The Contractor shall investigate and develop engine technologies capable of a wide variable speed range for future rotary wing aircraft (i.e., variable speed power turbine assuming fixed speed transmission) to efficiently balance the rotor speed and power requirements between hover and cruise for low fuel burn.

The Contractor shall also investigate and develop hybrid engine technologies such as the combination of electric motors, generators and conventional gas turbine components. Hybrid electric propulsion concepts could include alternative power sources/energy storage systems, or turbine engine power sources driving electric motors and propulsors. The Contractor shall develop novel system designs of hybrid electric propulsion systems, component and system analyses of the hybrid electric propulsion system including integration with the airframe, and fabrication and test of associated components and systems.

The scope of work under this element includes the following:

(1) The Contractor shall conduct thermodynamic analyses, develop unique flow path layouts, and assess the performance, weight, life, reliability, cost estimation, and control strategies for these advanced engine configurations.

(2) The Contractor shall develop conceptual, preliminary and/or detailed designs of the advanced variable and hybrid engine systems.

(3) The Contractor shall demonstrate advanced variable and hybrid engine technologies in component test rigs. In addition, the Contractor shall fabricate and conduct system level verification tests of advanced variable engine systems or subsystems.

2.1.7 Engine Icing

The Contractor shall perform engine icing research and technology development to address the following challenges: characterization of cloud properties that lead to engine icing, improvements in engine design and simulation tools to prevent ice accretion or mitigate effects of icing, application of engine control methods to protect against engine icing, and technologies to detect icing hazardous conditions.

The scope of work under this element includes the following:

(1) The Contractor shall assess advanced concepts, analytical and computational tools and barrier technologies with a focus on understanding and preventing ice accretion, and/or mitigating the effects of engine icing.
(2) The Contractor shall develop and validate empirical, statistical, and physics-based analytical and computational models for predicting engine icing and/or its effect on engine performance.

(3) The Contractor shall design and fabricate test hardware for the detection and measurement of engine icing. Additionally, the Contractor shall design and develop diagnostic systems for identifying engine icing locations and vulnerabilities.

(4) The Contractor shall demonstrate and assess engine ice accretion and performance prediction tools, and advanced engine icing prevention and reduction concepts and technologies in component test rigs, engine tests, and flight tests.

(5) The Contractor shall identify and characterize weather properties that can lead to engine icing issues

2.1.8 Materials and Structures

The Contractor shall develop advanced materials and structures technologies required to meet the aggressive performance and efficiency goals of next generation aerospace propulsion systems. These goals are achievable through increased engine operating temperatures, decreased weight of system components, greater load capabilities, higher safety margins, and innovative fabrication methods such as additive manufacturing.  Improvements may be made in physical and mechanical properties as well as in efficiencies in use of materials.  The Contractor shall develop such innovative materials, structural concepts, and analytical models using laboratory- , component-, and systems-level demonstrations.

The scope of work under this element includes the following:
(1) The Contractor shall develop and validate advanced high temperature metal alloys for aerospace propulsion system applications.  Alloys are single crystal, directionally solidified, large-grain or fine-grain.  This element includes processing and joining methods, disk system concepts and designs, and increased compatibility with advanced coating systems.  Advances in metal alloys apply to engine components such as blades, vanes, and disks.
(2) The Contractor shall develop and validate advanced ceramic matrix composites (CMCs) for aerospace propulsion system applications.  CMCs are developed for increased compatibility with advanced coating systems and include innovative fabrication processes.  Advances are made in the mechanics of material modeling as well as modeling of damage and failure modes.  CMCs apply to engine components such as combustor liners, turbine blades, vanes, nozzle flaps, seals, and high-speed vehicle leading edge surfaces.

(3) The Contractor shall develop and validate advanced polymer matrix composites (PMCs) for aerospace propulsion system applications.  High temperature, lightweight PMCs are developed for high environmental compatibility and use advanced textile architectures.  Advances are made in mechanics of material modeling as well as modeling of damage and failure modes.  In addition to propulsion and drive system components, PMCs apply to space structures.

(4) The Contractor shall develop and validate advanced environmental barrier coatings (EBCs) for aerospace propulsion system applications.  EBCs include advanced thermal barrier coatings for single crystal alloy turbine blades with lower thermal conductivity, increased erosion and impact resistance, and similar or improved oxidation resistance compared to state-of-the-art systems such as yttria-stabilized zirconia coatings.  EBCs include advanced coatings for CMC components and include multi-layer coatings for increased durability in extremely harsh environments.

(5) The Contractor shall develop and validate advanced metallic, ceramic, polymeric, and other materials including hybrid materials, with tailored properties for aerospace propulsion system applications.  Materials include energy storage materials for hybrid electric aircraft technologies, and piezoelectric materials for sensor and actuator applications leading to improved engine efficiency and reduced noise and emissions.  Materials are developed with improved structural, thermal, electrical, semiconducting, electrochemical, dielectric, optical, magnetic, and acoustic properties.  Material systems include nano-sized structures and composites, solid oxide fuel cell materials, cathode, anode, and electrolyte materials, high temperature SiC semiconductors, piezoceramic materials, and polymer and ceramic aerogels.

(6) The Contractor shall develop and validate adaptive structures and materials for aerospace propulsion system applications.  Adaptive tailoring enables transformation of component geometry during specific portions of a mission cycle, or transformation that compensates for changes in component geometry due to degradation during extended engine operation.  Adaptive structures include variable area nozzles, active compressor flow control, active compressor blade damping, variable geometry chevrons, and other actuator system concepts and modeling.  Adaptive materials include shape memory alloys, polymers, piezoelectric ceramics, and the processing of same, to activate geometry changes with high reliability, weight-savings, and lower complexity compared to heritage electric or hydraulic actuation systems.

(7) The Contractor shall develop and validate high-fidelity computationally efficient analytical methods for aerospace propulsion system applications.  Analytical methods predict the life of hot engine static and rotating structures fabricated from advanced materials, including metal alloys, ceramic matrix composites, and polymer matrix composites.  Analytical methods include multiscale modeling for advanced materials, and propulsion aeromechanics, among other methods.  Analytical methods are validated with strategically selected experiments aimed at single lifing, combined lifing, and multiple-factor combination effects on lifing.

2.1.9 Instrumentation, Sensors , Controls, and Intelligent Systems

The Contractor shall research, analyze, develop and demonstrate advanced instrumentation, sensors, and controls  and for aerospace applications and autonomous operation at the component and systems level.

The scope of work under this element includes the following:

(1) The Contractor shall develop and demonstrate advanced technologies for intelligent systems and subcomponents such as miniaturized smart sensors  actuators and electronics; optical instrumentation; and control algorithms, models and architectures, enabling an engine health management system which includes diagnostics, prognostics, data fusion, and other systems and algorithms capable of assessing and  informing the vehicle and other users of the state of a vehicle, propulsion system, sub-system or component as well as providing information to adapt and optimize in response to faults and unanticipated events.
(2) The Contractor shall develop active component control technologies such as active compressor control, active combustion control, and active turbine tip clearance control.

(3) The Contractor shall develop algorithms, architectures, testbeds and demonstration systems to study autonomous, wireless systems at a vehicle and systems level or below (subsystems and components).  

(4) The Contractor shall conduct research on autonomous vehicles and corresponding emerging technical challenges, including human-machine interactions, certification, verification, validation and trust of autonomous systems, autonomous planning, scheduling and decision-making, testbeds and software systems to enhance the test and evaluation of autonomous systems, the design of autonomous systems, and vehicle cooperation and interoperability.

2.2 Technology Area 2: Space Propulsion
Technology Area 2: Space Propulsion                                                                          



2.2.1
Propulsion System Design and Trade Studies



2.2.2
Non-toxic Chemical Propulsion Systems



2.2.3
Hypergolic Propulsion Systems



2.2.4
Propellant Systems



2.2.4.1
Cryogenic Propellant System



2.2.4.2
Noncryogenic (Earth-storable) Propellant Systems





2.2.5
Electric Propulsion



2.2.6
Rocket-Based Combined Cycle Propulsion Systems



2.2.7
Advanced Propulsion Systems 
The Contractor shall conduct research and development in advanced space propulsion technologies to enable missions with higher performance, reduced cost, improved reliability, and improved safety. Examples of missions currently under consideration and potential technology applications for those missions are listed in Table 2.2.1.

	TABLE 2.2.1.—EXAMPLE POTENTIAL APPLICATIONS

	Mission
	Potential Technology Application

	Space Exploration: Lunar lander ascent stage
	Liquid oxygen/liquid methane main and RCS propulsion; High-performance hypergolic propulsion

	Space Exploration: Lunar lander descent stage
	Liquid oxygen/liquid hydrogen throttle-able main propulsion

	Space Exploration: Ares V upper stage
	Liquid oxygen and liquid hydrogen long-term storage

	Space Exploration: Solar Electric Propulsion Technology Demonstration Mission
	High-performance electric propulsion

	Space Exploration: Asteroid Redirect Robotic Mission
	High-performance electric propulsion

	Space Exploration: Cargo Delivery
	High-performance electric propulsion

	Science: Titan Explorer
	Electric propulsion

	Science: Comet sample return
	High-performance hypergolic propulsion, electric propulsion

	Science: Mars sample return
	High-performance chemical propulsion, electric propulsion

	Aeronautics: Air breathing access to space
	Rocket-based combined cycle propulsion technologies


The Contractor shall develop component, subsystem and system technologies for chemical and electric propulsion devices. The scope of these efforts include thrust chamber assemblies (TCAs), turbopump assemblies (TPAs), propellant feed and storage, instrumentation, and electrical elements. In addition, the Contractor shall conduct research on non-traditional space propulsion systems such as  rocket based combined cycle systems and nuclear thermal propulsion. . The Contractor shall address technical challenges in alternate propellants, thruster performance, novel concepts, thermal control, cryogenics, propellant and combustion product properties, thrust vector control, chemistry, fluid dynamics, and advanced concept design and fabrication.

2.2.1 Propulsion System Design and Trade Studies

In order to focus technology development efforts, the Contractor shall conduct system studies that include analysis, conceptual design, and detailed design of advanced propulsion system components and subsystems. Analysis and design efforts shall address structural, thermal, performance, mass/power estimation, actuation and controls, and integration issues.

The scope of work under this element includes the following:

(1) The Contractor shall define goals and figures of merit for overall systems as well as for individual technologies within the context of overall program and project goals and objectives.

(2) The Contractor shall conduct technology trade studies, evaluating engine concepts and performing conceptual and preliminary design studies to identify and evaluate engine systems and assess their contributions towards meeting program and project goals and objectives.

(3) The Contractor shall conduct risk assessments of advanced propulsion systems.

(4) The Contractor shall define technology development plans to ensure the availability of the key technologies for advanced propulsion systems.

(5) The Contractor shall perform system simulations of propulsion systems and their installations on aerospace vehicles from a 0-D level up through a multidisciplinary 3-D level. The Contractor shall also generate propulsion system designs to perform system simulations.

(6) The Contractor shall perform vehicle conceptual design studies, mission analyses, and market and cost scenario studies in support of engine technology impact evaluations.

2.2.2 Nontoxic Chemical Propulsion Systems

The Contractor shall develop nontoxic propellant space engine technology for use in lieu of currently operational toxic monopropellant and bipropellant spacecraft engine technology.  Nontoxic monopropellant options will likely include formulations using an ionic salt, such as hydroyxlammonium nitrate or ammonium dinitramide, nitrous oxide fuel blends, and hydrogen peroxide.  Nontoxic bipropellant options will include oxygen as the oxidizer, with hydrocarbons, alcohols, or hydrogen as the fuel.  The Contractor shall focus on the specific technologies listed below for rocket engine and thrust chamber assemblies to meet proposed engine requirements:
· Bipropellant injectors that provide stable, uniform combustion over a wide range of propellant inlet conditions.

· Combustion chamber thermal control technologies or material technologies which offer improved performance and adequate chamber life under high-temperature and/or oxidizing combustion environments.

· Advanced (high-temperature, oxidation-resistant, lightweight) nozzle materialsfor radiation-cooled rockets .

· Advanced pre-burners and other pre-conditioning gas generator systems.

· Advanced turbomachinery including fuel and oxidizer pumps and turbines.

· Highly reliable, long-life, fast-acting valves for cryogenic propellants.

· Reliable ignition systems for non-hypergolic bipropellants, including subcomponents such as exciters, spark plugs and other ignition sources.

· Catalytic and non-catalytic ignition systems for ionic salt monopropellant formulations

· Non-toxic propellant development and properties assessments.

· Propellant system components (valves, regulators, filters, propellant management devices) that are compatible with more viscous liquids.

· Cryogenic instrumentation such as pressure and temperature sensors that will operate for months/years instead of hours.

· Pressure and sensor transducers that have long-term (months) compatibility with ionic salt monopropellant formulations.

The scope of work under this element includes the following

(7) The Contractor shall conduct an assessment of advanced concepts, analytical tools and barrier technologies for the design of rocket thrust chamber assemblies and nozzles that address the above technologies.

(8) The Contractor shall develop and validate empirical, statistical, and physics-based analytical models for predicting engine performance and/or combustion stability.

(9) The Contractor shall develop conceptual designs of thrust chamber components, including but not limited to injectors, igniters, valves, combustion chambers, turbomachinery and nozzles.

(10) The Contractor shall design and fabricate test hardware for measurement of rocket combustion performance, flow characteristics, and heat transfer.

(11) The Contractor shall demonstrate advanced technologies in components, sub-system, or system test rigs. The demonstrations shall include sea level and vacuum test facilities required to assess the performance, life, reliability and operability of rocket engine thrust chamber assemblies.

2.2.3 Hypergolic Propulsion Systems

The Contractor shall conduct research and development of advanced hypergolic propellant space engine technology. The Contractor shall focus on the specific technologies listed below for rocket engine and thrust chamber assemblies to meet proposed engine requirements

· Propellant injectors that provide stable, uniform combustion over a wide range of propellant inlet conditions.

· Combustion chamber thermal control technologies or material technologies which offer improved performance and adequate chamber life.

· Innovative designs/manufacturing techniques for engine components including nozzles, combustion chambers, injectors, and structural elements.

· Advanced turbomachinery including fuel and oxidizer pumps and turbines.

· Highly reliable, long-life, fast-acting and variable-acting valves.

· Propellant/materials compatibility.

· Instrumentation such as Fuel and Oxidizer Reaction Products (FORP) tolerant ignition sensors or highly sensitive flow meters for leak detection.

The scope of work under this element includes the following:

(12) The Contractor shall conduct an assessment of advanced concepts, analytical tools and barrier technologies for the design of rocket thrust chamber assemblies and nozzles that address the above technologies.

(13) The Contractor shall develop and validate empirical, statistical, and physics-based analytical models for predicting engine performance and/or combustion stability.

(14) The Contractor shall develop conceptual designs of thrust chamber components, including but not limited to injectors, igniters, valves, combustion chambers, turbomachinery and nozzles.

(15) The Contractor shall design and fabricate test hardware for measurement of rocket combustion performance, flow characteristics, and heat transfer.

(16) The Contractor shall demonstrate advanced technologies in components, sub-system, or system test rigs. The demonstrations shall include sea level and vacuum test facilities required to assess the performance, life, reliability and operability of rocket engine thrust chamber assemblies.

2.2.4 Propellant Systems

The Contractor shall develop propulsion systems for both human and robotic exploration of the solar system. The propulsion systems will consider the use of both cryogenic and noncryogenic propellants.
2.2.4.1 Cryogenic Propellant Systems

The Contractor shall investigate  cryogenic and gaseous propellants including liquid or gaseous oxygen (LO2), liquid or gaseous methane (LCH4) and/or liquid or gaseous hydrogen (LH2) for the in space portions of the missions.
For concepts that will require the cryogenic propellant inventory in the vehicles to be maintained, the Contractor shall develop technologies to address propellant storage under ground hold, the launch transient, a long-term quiescent in-space period, trans lunar/Mars injection and while in orbit. The Contractor shall develop technologies to deliver the cryogenic propellants in a vapor free condition to the Reaction Control Systems (RCS) thrusters and the Main Propulsion Systems (MPS) engines of the vehicle. The Contractor shall develop and mature advanced cryogenic storage technologies to reduce the propellant losses due to environmental heating as a result of anticipated on-orbit storage durations of months to years, coupled with the ground hold and launch transient time periods.
The Contractor shall have prior experience in the development, design, manufacturing, test, integration, and flight application of cryogenic and gaseous fluid management technologies for space propulsion systems.

The scope of work under this element includes the following:

(17) The Contractor shall design, develop, and validate thermal control system technologies including but not limited to multi-layer insulation, low conductivity structural systems, cryocoolers, solar shading and radiation shields.

(18) The Contractor shall design, develop, and instrumentation including low-gravity gauging, flow, pressure, leak, and temperature measurement.

(19) The Contractor shall design, develop, and validate low-gravity propellant management devices including surface tension based liquid acquisition devices and mission operational controls.

(20) The Contractor shall design, develop, and validate pressure control systems including mixers, thermodynamic vents, and conventional vents.

(21) The Contractor shall design, develop, and validate pressurization systems (autogenous and nonautogenous).

(22) The Contractor shall perform computational analysis of CFM components and subsystems.

2.4.4.2 Noncryogenic (Earth-storable) Propellant Systems

The Contractor shall investigate propellant system architectures such as monopropellant, bipropellant, and dual-mode systems. The noncryogenic propellants of interest include, but are not limited to, hydrazine (N2H4), nitrogen tetroxide (NTO), and monomethylhydrazine (MMH). The Contractor shall develop advanced propellant system concepts to enable the propellant inventory in the vehicles to be maintained during ground hold, the launch transient, a long-term quiescent in-space period, trans lunar/Mars injection and while in orbit.. The Contractor shall develop advanced propellant storage systems with low mass fraction, such as composite based propellant storage tanks. The Contractor shall also develop advanced systems to raise engine inlet manifold pressure, such as pumping systems separate from the engine, to significantly improve the state-of-the-art in propellant delivery systems by decoupling engine inlet pressure from tank storage pressure. The Contractor shall also develop advanced thermal control systems to maintain propellant temperatures above their freezing point while consuming a minimum of power for long duration missions.

The scope of work under this element includes the following:
(23) The Contractor shall design, develop, and validate thermal control system technologies including but not limited to multi-layer insulation, tank and line heater technology, solar shading and radiation shields.

(24) The Contractor shall design, develop, and validate instrumentation including low-gravity gauging, flow, pressure, leak, and temperature measurement.

(25) The Contractor shall design, develop, and validate low-gravity propellant management devices including surface-tension-based liquid acquisition devices and mission operational controls.

(26) The Contractor shall design, develop, and validate pressurization systems including mechanical and closed-loop pressure control systems, inert gas pressurization system, and self-pressurization concepts.

(27) The Contractor shall design, develop, and validate propellant pumping systems to raise engine inlet manifold pressure, including turbine- and piston-based pumps.

(28) The Contractor shall design, develop, and validate low mass fraction propellant storage tanks.

(29) The Contractor shall perform computational analysis of fluid components and subsystems.

2.2.5 Electric Propulsion

The Contractor shall conduct research and development in advanced electric propulsion technologies. Electric propulsion technology is a key technology with the potential to support both NASA’s Science Mission Directorate and Human Exploration and Operations Directorate. Electric propulsion is the baseline primary propulsion for a number of mission concepts presently under development for both Planetary Sciences and Astrophysics, and has the potential to support Earth Science and Heliophysics for missions requiring high total impulse. Electric propulsion has been identified as a key technology required for an affordable path to human exploration. Investments have been made in high-power solar array and electric propulsion systems by NASA’s Space Technology Mission Directorate with potential mission infusion on a Solar Electric Propulsion Technology Demonstration Mission and the Asteroid Redirect Robotic Mission. Exploration architecture roadmaps are being developed that utilize the Asteroid Redirect Robotic Vehicle and its extensible derivative.

The scope of work under this element includes the following:

(30) The Contractor shall execute detailed propulsion system trade studies and system engineering principles to develop system concepts and architectures, and to evaluate and compare electric propulsion options for mission applications of interest.

(31) The Contractor shall design, fabricate, and test of thruster components, thrusters, propellant feed systems, power and control systems, propellant tanks, thruster gimbals, and other components and subsystems of electric propulsion systems necessary for the advancement of technical maturity and transition to flight application.

(32) The Contractor shall develop and apply analytical tools, diagnostic tools, physics-based modeling, and vacuum facility test capability to evaluate the technical maturity of electric propulsion subsystems and systems, to include cost, risk, reliability, performance, and life.

2.2.6 Rocket-Based Combined Cycle Propulsion Systems

The Contractor shall conduct research and development in rocket-based combined-cycle (RBCC) propulsion system technologies. RBCC propulsion systems offer the potential for improved safety (robustness), increased payload, reduced vehicle size and/or reduced costs for future launch vehicles due to the higher propellant efficiency as compared to all-rocket systems. In rocket-based combined cycles air-breathing engines such as ramjets and scramjets are integrated with rocket engines to enable use of atmospheric oxygen for a portion of the flight. The Contractor shall conduct research and development on critical components of the RBCC propulsion system such as: advanced inlets, diverters, mixers/combustors, nozzles, and steady or unsteady pulsed rocket thrusters. The Contractor shall also conduct research into aspects of propulsion integration, trajectory optimization, and the implementation of advanced structures, materials, active cooling and thermal protection relevant to RBCC systems.

The scope of work under this element includes the following:

(33) The Contractor shall develop and validate empirical, statistical, and physics-based analytical models for the design, optimization, performance prediction, and weight estimation of RBCC components, propulsion systems, and vehicle systems.

(34) The Contractor shall design, analyze, and optimize advanced RBCC components and entire propulsion systems to include weight estimation and trajectory optimization.
(35) The Contractor shall conduct research and development of materials, structures, thermal protection, thermal management, and propellant management necessary to bring RBCC to fruition.

(36) The Contractor shall fabricate test, and evaluate RBCC components and entire propulsion systems.

(37) The Contractor shall develop and demonstrate advanced RBCC components and entire propulsion systems.

2.4.7 Advanced Propulsion Systems

The Contractor(s) shall conduct research and development in advanced propulsion technologies.  Candidate technologies should reduce system cost, risk, and complexity to enable more challenging space missions, increase payload mass delivery, and/or reduce overall spacecraft mass.  Technologies should demonstrate advances in system efficiency, specific mass, reliability, and service lifetime relative to state-of-the-art propulsion systems and have the ability to perform all work in one or more of the Technology Areas as authorized in each task order issued.  Candidate technologies may span from low-power precision propulsion to multi-megawatt system architectures.  
The scope of the work under this element includes, but is not limited to, the following:
(1) The Contractor(s) shall design, fabricate and test advanced propulsion subsystems including: propellant feed systems, low-mass storage tanks, thruster(s), avionics and control systems, and high-efficiency energy/power systems.  

(2) The Contractor shall perform numerical modeling to elucidate and improve propulsion system capabilities. Modeling may include trade studies to mature sub-system concepts and architectures,  Mission studies may be utilized to demonstrate the capability and applicability of the proposed system.  

(3) The Contractor shall develop tools to evaluate the technical efficacy of the advanced propulsion subsystem and system, which includes metrics associated with cost, risk, reliability, performance, and lifetime.

Technology Area 2.3:  Aeronautics Communications
The Contractor shall perform research and analysis of advanced aeronautical Communications, Navigation, Surveillance and Information (CNSI) systems supporting the operations, capacity, safety and vehicle integration requirements of the national and global airspace systems.  

(1) The Contractor shall develop and analyze aeronautical CNSI system concepts, architectures and/or networks.

(2) The Contractor shall develop and analyze concepts for aeronautical CNSI components and subsystems.

(3) The Contractor shall develop and support demonstration of prototype CNSI components and systems.

Technology Area 2.4:  Space Communications

Space Communication and Navigation Technology program supports NASA space missions with the development of new capabilities and services that make space missions possible.   Communication links to spacecraft provide the command, telemetry, and science data transfers as well as navigation support. The radio frequency bands used today (principally S- and X-bands) are becoming more crowded, precipitating a move to use Ka-band and optical communications for mission communications.  Future planned missions will require an improvement in communication data rates as well as improvements in navigation precision.  Communication and navigation technology advancements will allow future missions to implement new and more capable science instruments, greatly enhance human missions beyond Earth orbit, and enable entirely new mission concepts.  This will lead to more productivity in science and exploration missions as well as provide high bandwidth communications links that will enable greater research returns.

The Contractor shall research, analyze, develop and demonstrate advanced space communications technologies for future NASA communications needs.  This includes the both the flight and the ground segments required for NASA communications.   The scope of work under this element includes the following:

(1) The Contractor shall perform studies to assess advanced concepts using analytical and computational tools with a focus on understanding and improving the components, systems and architecture that comprise the NASA Space Communications System.

(2) The Contractor shall develop and demonstrate technologies, components, subsystems and applications enabling advanced space and ground transceivers and transponders.  This includes space reconfigurable processing platforms, control and operating environment software, and waveforms and applications for communication, networking, and navigation.   High speed digital data processing, position navigation and timing, and space environment suitable processing technologies are focus areas.  This also includes cognitive radio applications that will be developed that sense their environment, autonomously determine when there is a problem, attempt to fix it, and learn as they operate. 
(3) The Contractor shall develop and demonstrate networking technologies that are migrated to space use with protocols such as Disruptive (or Delay) Tolerant Networking (DTN) which will help deal with latency issues and automate distribution of data where spacecraft operate.   The Contractor shall leverage advances in commercial and other government agency's communications and networking technology development, including network mobility, ad hoc networking, and security for analyzing, developing and testing advanced space networks.  Also, develop integrated network management architectures and protocols to effectively support autonomous operations with adaptive network monitoring, con-figuration and control mechanisms including integrated health management (IHM) for space networks.
(4) The Contractor shall develop and demonstrate techniques and technologies enabling space optical communication systems.  The objective is to realize higher data rates than with RF communications with flight terminals that will impose an equal, or lower, power and mass burden on spacecraft and have significantly less aperture size than RF antennas. The technology areas include lightweight optical apertures suitable for spaceflight, beam steering and beam stabilization, pointing budget estimators, acquisition and tracking.  Also the Contractor shall analyze, develop and demonstrate integrated RF/Optical Hybrid Technology.
(5) The Contractor shall develop and demonstrate technologies, components, subsystems and applications enabling space and ground Radio Frequency systems.  The goal is to provide technology advances in RF communications systems to develop advanced, integrated space and ground systems that increase performance and efficiency while reducing cost.  This includes power and spectrum efficient technologies, antennas and positioners, and solid state and traveling wave tube power amplifiers.
3.0 Work Requirements

The Contractor(s) shall have the ability to perform all work in one or more of the Technology Areas as authorized in each task order issued.

The Contractor(s) shall provide a program management system that includes timely insight into the technical, cost, and schedule status and risk, as well as technical and programmatic control of work performed under the task orders.

The Contractor(s) shall implement a product assurance system, as appropriate, for task orders involving hardware and/or software development. The Contractor’s existing product assurance plans, procedures, formats, and documentation systems that support the development of safe and reliable aerospace products, are acceptable if they are shown to satisfy the objectives of the Product Assurance Requirements listed in the Product Assurance Requirements of NASA Policy Directive NPD 8730.5 NASA Quality Assurance Program Policy—URL:  http://nodis3.gsfc.nasa.gov/displayDir.cfm?t=NPD&c=8730&s=5  

All work performed under this contract shall be in compliance with all applicable Federal, state, and local environmental regulations. 
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