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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 on-going, long-term aerospace research programs, addressing a wide variety of propulsion issues.  Applications include subsonic, supersonic, hypersonic and rotorcraft transportation vehicles, as well as Safety and 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 and power systems, components, and sub-components having either government, commercial or military application. Work will be accomplished in response to a series of completion tasks issued in the following technology areas by the Government during the period of performance:  

2.1 Technology Area 1: Airbreathing Engine Technology

NASA has requirements for the development and demonstration of advanced turbine engine technologies that will enable revolutionary improvements in emissions, noise, capacity and safety with increased operating efficiency and reduced fuel consumption as outlined in Appendix .  The accomplishment of these and other goals will in part be accomplished through the execution of task orders.  The technical disciplines addressed in these completion task orders will include:
2.1.1 High Power Density Engine Turbomachinery 

High Power Density Turbomachinery includes the identification, evaluation, development and demonstration of advanced turbomachinery technologies that result in reduced fuel burn, increased efficiency, increased safety, increased survivability, increased operability, reduced noise and/or improved performance of aircraft, rotorcraft or other aerospace engine systems. 

The scope includes:

1) Analysis, conceptual and detailed design of advanced fan concepts such as high bypass ratio fans and open rotors, advanced low and high pressure compressor and turbine components, alternative advanced components, and subsystems. 
2) Advanced turbomachinery feature analysis and designs that include:

a. Low loss variable inlet guide vanes, rotors, stators, transition ducts, seals and secondary flow systems and struts.

b. Efficient wide variable-speed operations.

c. Reduction gear systems, lubrication systems, oil free components, rotor support systems, and mitigation of  leakages in high-pressure ratio, low corrected flow, compressor rear stages
d. Aerodynamic stage matching technologies for efficient multistage transonic compressors capable of producing high overall pressure ratio with high efficiency and wide operability.

e. Advanced turbine cooling concepts and materials with reduced cooling air requirements. 

f. Advanced power turbine blades and vanes that are tolerant to large incidences and operate efficiently over wide speed variations.

g. Structural, aerodynamic, aero-acoustic and leakage performance assessment of turbomachinery components and systems as well as their cost and reliability. 
3) Demonstration of advanced turbomachinery technologies in rotating component test rigs. 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.
4) Development and experimental validation of empirical, statistical and physics-based analytical models including models as they apply to turbomachinery components and systems for aerospace engines and including but not limited to models of seals, reduction gear systems, rotor support systems, and secondary flow systems.

2.1.2 Advanced Combustors and Alternative Fuels

Advanced Combustors and Alternate Fuels includes (1) the identification and evaluation of advanced technologies for combustor components as well as subcomponents such as fuel injectors, flame-tube and sector combustor, alternative fuels, combustor liners (metal and ceramic composite), control systems, ancillary hardware and (2) analytical design tools.

The scope includes:

1) Development and validation of 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 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.
2) Assessment of advanced concepts, analytical tools, non-intrusive diagnostics and barrier technologies for the design of combustors 
3) Conceptual/preliminary/detailed design of combustors and their subcomponents such as fuel injectors, combustion liners, fuel supply delivery systems and combustion instability control systems and associated test hardware. 
4) Development and demonstration of ancillary hardware and instrumentation to perform electronic health monitoring, monitoring of fluid/combustion control functions at real engine operating conditions, emissions and particulate measurements. 
5) Demonstration of advanced technologies in test rigs.  These include flame tubes, sector rigs and full annular combustor rigs, engine tests with the instrumentation required to assess the aerothermal characteristics, emissions, operability and performance of the combustor concepts. 
6) Development of thermal management system to overcome potential coking problem that include fundamental understanding of jet fuels/alternative fuels under super heated conditions.
7) Development, testing and evaluation of advanced alternative fuels and fuel additives for aerospace applications. 

2.1.3 Low Noise Propulsion Technologies 
Low Noise Propulsion Technologies includes but is not limited to the development and demonstration of advanced technologies to reduce aircraft engine noise such as fan noise, jet noise, engine core noise and propulsion/airframe interaction noise. Additionally, noise reduction technology may include those required to enable novel propulsion systems for improved overall performance which may include advanced concepts such as high speed propfans and novel engine/airframe integrations schemes. 

The scope includes:

1) Development and validation of empirical, statistical, and physics-based analytical models for predicting engine and/or engine component noise. This includes but is not limited to 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, and accurate enough that the aircraft can be designed to a very close tolerance of the actual noise level with little margin of error. 
2) Conceptual/preliminary/detailed design of low noise propulsion technologies and low noise propulsion systems.

3) Design and fabrication of test hardware for measurement of fan, jet, core, propfan, and engine integration/interaction noise. Additionally, design and development of diagnostic systems for identifying noise source locations and strength.  

4) Demonstration and assessment of advanced noise reduction concepts and technologies on component test rigs, engine tests, and flight tests.   

2.1.4 Inlets and Nozzles 
The inlets and nozzles area includes the identification, evaluation, development and demonstration of advanced inlet and nozzle technologies that result in reduced fuel burn, increased efficiency, increased safety, increased survivability, reduced noise, improved performance and/or reduced sonic boom for aerospace engine systems.  This area may also include development and demonstration of advanced technologies that enable high-speed vehicles through use of combined cycle or variable-bypass engine cycles.

The scope includes:

1) Development and validation of 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). This includes 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.
2) Assessment of advanced concepts, analytical tools and barrier technologies for the design of inlets and nozzles.

3) Conceptual/preliminary/detailed design of advanced inlet and nozzle systems and subsystems.

4) Design and fabrication of test hardware for measurement and evaluation of inlet and nozzle performance. 
5)  Demonstration and assessment of advanced inlets and nozzles in wind tunnel, test rigs, and flight tests.

2.1.5 Variable and Hybrid Engine Systems
Future engines will require a high degree of variability in order to accomplish the challenging demands from new mission requirements.  For example, an advanced supersonic aircraft system may require technology such as variable geometry in the fan and compressor as well as the turbine in order to change the effective cycle of the engine from high bypass at takeoff to low bypass at supersonic cruise. Engines for supersonic and subsonic aircraft may also require more flow streams than traditional turbofan engines to provide additional flexibility in order to keep the turbomachinery operating at high efficiency at takeoff and cruise conditions. Engines for even higher Mach number capability will be subject to higher temperatures and require even wider operating ranges for the turbomachinery. These high Mach engines will require additional capability to transition from turbine engine mode to alternative propulsion systems such as ramjet – scramjet. Future rotary wing aircraft may require turbomachinery with a wide variable speed range (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 scope of this effort encapsulates thermodynamic analysis, novel concepts, unique flow path conceptual/preliminary/detailed designs, performance, weight, life, reliability, cost estimation and control strategies for these advanced engine configurations. 

Hybrid engine systems include, but not necessarily limited to, the combination of emerging constant volume combustion engine technologies with other more conventional engine cycles to evolve new propulsion systems that take advantage of the thermodynamic efficiency benefits of near-constant volume combustion. These efforts include “clean sheet” system designs of constant volume based propulsion systems, component and system analyses inclusive of high-frequency unsteady phenomena, design of robust components for the constant volume environment, and the fabrication and “breadboard” testing of associated components and systems. 
The scope includes:

1) Thermodynamic analysis, novel concepts, unique flow path layouts, performance, weight, life, reliability, cost estimation and control strategies for these advanced engine configurations. 
2) Conceptual, preliminary and/or detailed design of the advanced variable and hybrid engine systems.

3) Demonstration of advanced variable and hybrid engine technologies in component test rigs. Fabrication and verification testing of advanced variable engine systems or subsystems in test rigs.
2.1.6 Integrated Component Technology Demonstrations 

Integrated Component Technology Demonstrations (ICTD) includes all efforts necessary to (1) incorporate advanced engine components into existing turbine engines and (2) conduct engine tests (ground and/or flight) to validate the operating characteristics and durability of these components in an engine environment. The ICTD will focus on the most beneficial technologies for reducing fuel burn, emissions, and noise.  This task will incorporate selected technologies into existing or new engines with appropriate modifications.  Evaluation of propulsion systems for system level validation such as rotorcraft and short takeoff and landing vehicles will also be included in this task. 

2.1.7 Engine Icing 

Engine icing technology challenges need to be addressed in the following areas: 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. This scope includes:
1) Assessment of advanced concepts, analytical and computational tools and barrier technologies towards understanding and preventing ice accretion or mitigating the effects of engine icing. 
2) Development and validation of empirical, statistical, and physics-based analytical and computational models for predicting engine icing.
3) Design and fabrication of test hardware for the detection and measurement of engine icing. Additionally, design and development of diagnostic systems for identifying engine icing locations and vulnerability.  
4) Demonstration and assessment of advanced engine icing prevention and reduction concepts and technologies on component test rigs, engine tests, and flight tests.   

2.1.8 Materials and Structures
Advanced materials and structures technologies are required to meet the aggressive performance and efficiency goals of next generation aero-propulsion systems. These goals are achievable only through increased engine operating temperature and durability in conjunction with decreasing weight of the overall propulsion system. Development of innovative materials, structural concepts and analytical models from laboratory development to component and systems level demonstrations are covered in this area.

The scope includes:

 

1) Advanced high temperature disk alloys with 1400oF or higher temperature capability for commercial life.

2) Advanced single crystal turbine blades with advanced thermal barrier coatings.  The goals for single crystal alloy development shall be increased temperature capability, lower density, and compatibility with advanced coating systems.  The goals for advanced thermal barrier coatings shall be lower thermal conductivity, increased erosion and impact resistance, and similar or improved oxidation resistance compared to the current state-of-the-art yttria stabilized zirconia coatings

3) Ceramic matrix composites for engine components such as combustor liners, turbine blades and vanes with durable environmental barrier coatings, nozzle flaps and seals, including, but not limited to multi-layer coatings for durable hypersonic vehicle leading edge surfaces.

4) Piezoelectric materials for sensor and actuator applications leading to improved engine efficiency and reduced noise and emissions. 
5) Environmentally friendly Polymer Matrix Composite (PMC) with 550oF or higher temperature capability.

6) Adaptive structures that allow tailoring of component geometry to specific portions of a mission cycle, or that can compensate for changes in component geometry due to degradation due to extended engine operation.  Example structures include, but are not limited to: variable area nozzles, active compressor flow control, active compressor blade damping and variable geometry chevrons.  The use of specialized materials to activate the geometry changes will result in the necessary actuation without weight or complexity penalties associated with electric or hydraulic actuation systems.  Materials of interest include shape memory alloys, shape memory polymers and piezoelectric ceramics.  In many cases the temperature or load capability of current materials in this class do not fully meet the component requirements, hence the need for material development.

7) Development and validation of high-fidelity computationally efficient methods for predicting the life of hot engine static and rotating structures produced from advanced materials, including ceramic matrix composites, and validation of the methods with strategically selected experiments aimed at single lifing, combined lifing and multiple-factor combination effects on lifing.

2.1.9 Instrumentation, Controls and Communications

Instrumentation, Controls and Communications technologies for aerospace engine applications including assessment, analyses, development and demonstration at component and system level. The scope includes:
1) Development and demonstration of advanced technologies for controls subcomponents such as sensors, actuators, control algorithms, control and communication architectures.
2) Development related to all aspects of active component control technologies such as active compressor control, active combustion control, active turbine tip clearance control etc.
3) Development and demonstration of technologies enabling an engine health management system.
4) Development and demonstration of Communications, Navigation and Surveillance (CNS) components and systems, including on-board wireless sensor networks and airborne datalink capabilities.

.
2.2 Technology Area 2: Propulsion Airframe Integration - Airframe Systems Technology

Propulsion-Airframe Integration (PAI) Technologies includes the development and demonstration of advanced technologies to improve and optimize overall integrated airframe system performance, weight, emissions, safety, fuel burn, noise, life, and cost within the context of the individual project goals and objectives as defined in attachment .  The technical disciplines addressed in these completion task orders will include:
2.2.1 Airframe Integrated Inlets, Engines,  and Exhaust Nozzles

Airframe integrated inlet, engine and exhaust nozzle technology challenges need to be addressed in the following areas: advanced concepts to enable embedded propulsion systems or distributed propulsion systems for subsonic application; integrated high performance, low sonic boom inlets and low noise nozzles for supersonic applications; and integrated high performance, light weight inlets and nozzles capable of wide operating ranges to enable combined cycle propulsion systems for hypersonic applications. Such technologies include, but are not limited to, boundary-layer-ingesting (BLI) inlets, virtual shaping of the inlet lip, fore-body flow control, nacelle-wing-pylon integration, thrust vectoring nozzles, highly-integrated two-dimensional (rectangular, axisymmetric) and three-dimensional inlets and nozzles, and nacelle and nozzle shaping with aircraft integration for achieving low sonic boom signatures and high installed propulsion efficiency.
The scope includes:

1) Identification and assessments of advanced inlet, nozzle and PAI concepts and barrier technologies within the context of the individual project goals and objectives as defined in attachment TBD.
2) Development and validation of empirical, statistical, and physics-based analytical models for predicting inlet and/or nozzle component performance and structural integrity for both isolated and installed on the airframe or integrated with the propulsion system.
3) Design, development and testing of advanced inlets and nozzles concepts within the context of the individual project goals and objectives as defined in attachment TBD.
4) Design and fabrication of test hardware for measurement of inlet and nozzle  performance including, but not limited to dynamic distortion, operability, stability, recovery noise and sonic boom signature.
5) Design and development of diagnostic systems for identifying flowfield characteristics such as sources of distortion or propulsion-airframe interactions. 
6) Development and application of advanced composite structural concepts and supporting design, analysis, testing, and manufacturing technologies for multi-functional component applications in propulsion cases, ducts, nacelle systems, and integrated ceramic matrix composite nozzle components. Examples would include, but are not limited to, fan cases and inlet nacelles that meet structural, blade-out containment, and noise attenuation requirements in a configuration that minimizes weight and reduces part count and/or system complexity, and structurally integrated Thermal Protection Systems.
7) Demonstration and assessment of advanced propulsion-airframe integration concepts and technologies on component test rigs, engine tests, and flight tests.   

2.2.2 Airframe Icing

Airframe icing technology challenges need to be addressed in the following areas:  ice accretion simulation with emphasis on supercooled large droplets (SLD), iced aircraft aerodynamic performance, and stability and control evaluations of both swept and unswept wing configurations. 

This scope includes:

1) Assessment of advanced concepts, analytical and computational tools and barrier technologies towards understanding and preventing ice accretion or mitigating the effects of airframe icing including icing in SLD.
2) Development and validation of empirical, statistical, and physics-based analytical and computational models for predicting airframe icing.
3) Design and fabrication of test hardware for the detection and measurement of airframe icing. Additionally, design and development of diagnostic systems for identifying airframe icing locations and vulnerability. 
4) Demonstration and assessment of advanced airframe icing prevention and reduction concepts and technologies on component test rigs, aircraft model (subscale or full scale) tests, and flight tests.

2.3 Technology Area 3: Integrated Rotorcraft Propulsion – Airframe Systems Technology

Advanced integrated propulsion – airframe technologies are required to enable future rotorcraft to obtain high cruise speed, large payload and long range capability, and ultra-safe and low noise operations that will be required of next generation vertical lift civil transport systems. One area of particular importance is the development of integrated technologies for a variable speed rotor, with the goal of maximizing variation of rotor rotational speed (up to 50%) with no impact on flight handling quality and minimum impact to propulsion system weight.  A variable speed rotor will reduce the cabin and community noise while increasing rotorcraft vehicle performance.  The work in this section will focus on advanced transmission technologies, integrated propulsion system technologies, in addition to airframe icing and propulsion health management technologies.  The technical areas addressed in these completion task orders include:

2.3.1 Advanced Transmission Technologies 

Advanced drive components and systems technologies are need to increase performance and durability of future rotorcraft propulsion systems while reducing systems weight and noise. An example critical technology area is advanced variable multi-speed drive systems, which includes the identification, evaluation, development and demonstration of novel variable/multi- speed transmission concepts that can provide transmission shifting capability for all modes of speed change required by a rotorcraft system with minimal increase in transmission weight.  
Tasks in this area may include:  
1) Analysis, conceptual design and detailed design of advanced transmission components and subsystems. Analysis and design efforts shall address structural requirements as well as durability, weight, cost and performance of these systems. 
2) Fabrication and testing of advanced drive train components and subsystems. 
3) Development and experimental validation of physics-based analytical models including models as they apply to the drive train in the rotorcraft. 
4) Development of new component and system test facilities to validate new drive systems concepts
5) Development of parametric analysis for scaling to future integrated propulsion system demonstrations  

2.3.2 Integrated Propulsion System Technology Demonstrations 

Tasks in this area will focus on development of technologies required to enable optimum integration of advanced engine and advanced transmission concepts to meet overall rotorcraft operational, efficiency, and performance goals. Propulsion subsystems and systems level models and tests will be required to characterize and validate system operating characteristics, optimum engine and transmission parameters, systems controls, and durability of these systems in a rotorcraft application. Tasks in this area will focus on developing and demonstrating the most beneficial technologies for enabling integrated variable-/multi-speed propulsion systems while avoiding negative impact to fuel burn and emissions.  
Tasks in this area may include: 
1) Analysis, conceptual design and detailed design of advanced integrated propulsion components and systems.
2) Fabrication and testing of advanced integrated propulsion components and systems.
3) Develop and demonstrate multi-speed shifting control methodology of integrated engine and transmission systems.
4) Development and experimental validation of physics-based analytical models of the integrated engine and transmission system to validate system dynamics, performance metrics and parametric analysis for future rotor/engine/transmission tests.
5) Design and fabricate test fixtures and hardware to perform propulsion systems integration tests including loading effects of rotor system. 
2.3.3 Rotorcraft Icing 

Civil rotorcraft operations are now entering regularly scheduled revenue service and need safe performance in all weather conditions. Design tools are required to assure safe operations in icing conditions requiring robust, validated coupling of rotor performance codes with ice accretion prediction code. The scope includes:

1) Assessment of advanced concepts, analytical and computational tools and barrier technologies towards understanding and mitigating the effects of rotorcraft icing.
2) Development and validation of empirical, statistical, and physics-based analytical and computational models for predicting rotorcraft icing
3) Design and fabrication of test hardware for the detection and measurement of rotorcraft icing and performance. Additionally, design and development of diagnostic systems for identifying rotorcraft icing locations and vulnerability is desired.
4) Demonstration and assessment of advanced rotorcraft icing prevention and reduction concepts and technologies on component test rigs, engine tests, and flight tests.   

2.3.4 Rotorcraft Health Management Technologies 

Rotorcraft Health Management Technologies include technologies that have the potential to decrease rotorcraft maintenance operations and support costs and increase rotorcraft safety, performance, airspace capacity and mobility. The focus is on the automated detection, diagnosis, and prognosis of propulsion system faults or failures. Topics of interest include algorithm development and tools to detect and predict the health and usage of rotorcraft dynamic mechanical systems in the engine and drive system.  Automatic rotor imbalance detection and rotor smoothing is also of interest.  Additionally, rotorcraft health management technologies can include, but are not limited to development of  tools to: detect onset of failure, isolate damage, and assess damage severity; predict remaining useful life and maintenance actions required; integration of the health monitoring outputs with the maintenance processes and procedures; system models, material failure models and correlation of failure under bench fatigue, seeded fault test and fielded data; data collection/management for analysis of operational mission data. 

2.4 Technology Area 4:  Aerospace Concept Development and System Studies
NASA has requirements for the development and demonstration of advanced turbine engine technologies that will enable revolutionary improvements in emissions, noise, capacity and safety with increased operating efficiency and reduced fuel consumption as outlined in Appendix T  These and other goals will be accomplished through a series of concept developments and system studies.  Advanced/Unconventional concept development includes the generation of non-traditional propulsion/vehicle arrangements and advanced aerospace systems configurations to meet specified goals.  These concepts include but are not limited to unconventional turbine engines, electric motors, alternative fuels, heat transfer devices, and gearboxes propulsion integration and advanced aerospace systems.  System Studies include performing system analyses and designs 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 and costs.  
The aerospace industry has adopted the NASA developed Numerical Propulsion System Simulation (NPSS) framework as a standard for performing the studies described above.  It is the intent of NASA to use the NPSS framework on many of the tasks in this Area.  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 includes:

1) Development and validation of empirical, statistical, and physics-based analytical models which 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 and cost.
2) Definition of goals and figures of merit for overall systems as well as for individual technologies within the context of overall program/project goals and objectives.
3) Conducting technology trade studies, mission analyses and market/cost scenario studies to identify and evaluate aerospace systems and assess their contributions towards meeting program/project goals and objectives.
4) Performing system simulations of aerospace systems and subsystems from a 0-D level up through a multi-disciplinary 3-D level.
5) Performing aerospace systems conceptual, preliminary and/or detailed design studies in support of advanced concept definition and development.
6) Conducting risk assessment of advanced aerospace systems.

2.5 Technology Area 5: Space Propulsion Systems
NASA has wide-ranging mission objectives in space. Successfully accomplishing many of these objectives will require the development of advanced 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 2.5.1. 

Table 2.5.1. 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

	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


Component, subsystem and system technologies will be developed for chemical and electric propulsion devices and the scope of the efforts includes thrust chamber assemblies (TCAs), turbopump assemblies (TPAs), propellant feed and storage, instrumentation, and electrical elements. In addition to traditional space propulsion system implementations, rocket based combined cycle systems, nuclear thermal propulsion, and other advanced systems development will be included. Technical challenges will be addressed in alternate propellants, thruster performance, novel concepts, thermal control, cryogenics, propellant and combustion product properties, chemistry, and fluid dynamics, and advanced concept fabrication. The technical areas addressed in these completion task orders will include:

2.5.1 Propulsion System Design and Trade Studies

In order to focus technology development efforts, analysis, conceptual design and detailed design of advanced propulsion system components and subsystems shall be conducted. Analysis and design efforts shall address structural, thermal, performance, mass/power estimation, actuation and controls, and integration issues. The scope includes:

1) Definition of goals and figures of merit for overall systems as well as for individual technologies within the context of overall program/project goals and objectives;
2) Conducting technology trade studies, evaluating engine concepts and performing conceptual/preliminary design studies to identify and evaluate engine systems and assess their contributions towards meeting program/project goals and objectives;
3) Conducting risk assessments of advanced propulsion systems;
4) Definition of technology development plans to ensure the availability of the key technologies for advanced propulsion systems;
5) Performing system simulations of propulsion systems and their installations on aerospace vehicles from a 0-D level up through a multi-disciplinary 3-D level.  Also including generating propulsion systems designs to perform system simulations;
6) Performing vehicle conceptual design studies, mission analyses and market/cost scenario studies in support of engine technology impact evaluations.

2.5.2 Non-toxic Chemical Propulsion Systems

Non-toxic propellant space engine technology is desired for use in lieu of currently operational toxic monopropellant and bi-propellant engine technology.  Specific technologies for rocket engine and thrust chamber assemblies of interest to meet proposed engine requirements include:
· 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.
· Nozzle materials and innovative designs.
· Pre-burners and other pre-conditioning gas generator systems.
· Turbomachinery including fuel and oxidizer pumps and turbines.
· Highly-reliable, long-life, fast-acting valves.
· Reliable ignition systems, including sub components such as exciters, spark plugs and other ignition sources.
· Non-toxic propellant development and properties assessments.
· Cryogenic instrumentation such as pressure and temperature sensors that will operate for months/years instead of hours.

The scope includes:

1) Assessment of advanced concepts, analytical tools and barrier technologies for the design of rocket thrust chamber assemblies and nozzles that meet the above requirements; 
2) Development and validation of empirical, statistical, and physics-based analytical models for predicting engine performance and/or combustion stability;
3) Conceptual design of thrust chamber components, including but not limited to injectors, igniters, valves, combustion chambers, turbomachinery and nozzles, as described above;
4) Design and fabrication of test hardware for measurement of rocket combustion performance, flow characteristics, and heat transfer;
5) Demonstration of advanced technologies in components, sub-system, or system test rigs.  These include sea level and vacuum test facilities required to assess the performance, life, reliability and operability of rocket engine thrust chamber assemblies.

2.5.3 Hypergolic Propulsion Systems

Hypergolic propellant space engine technology is desired for use in many NASA developed propulsion systems. Specific technologies for rocket engine and thrust chamber assemblies of interest to meet proposed engine requirements include:
· 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. 
· Nozzle materials and innovative designs/manufacturing techniques. 
· Turbomachinery including fuel and oxidizer pumps and turbines. 
· Highly-reliable, long-life, fast-acting and variable-acting valves. 
· Propellant/materials compatibility
· Instrumentation such as FORP tolerant ignition sensors or highly sensitive flow meters for leak detection.

The scope includes:


1) Assessment of advanced concepts, analytical tools and barrier technologies for the design of rocket thrust chamber assemblies and nozzles that meet the above requirements;
(2) Development and validation of empirical, statistical, and physics-based analytical models for predicting engine performance and/or combustion stability;
(3) Conceptual design of thrust chamber components, including but not limited to injectors, igniters, valves, combustion chambers, turbomachinery and nozzles, as described above;
(4) Design and fabrication of test hardware for measurement of rocket combustion performance, flow characteristics, and heat transfer;
(5) Demonstration of advanced technologies in components, sub-system, or system test rigs.  These include sea level and vacuum test facilities required to assess the performance, life, reliability and operability of rocket engine thrust chamber assemblies.
2.5.4 Propellant Systems

NASA is interested in developing the propulsion systems for both human and robotic exploration of the solar system. The propulsion systems will consider the use of both cryogenic and non-cryogenic propellants. 
2.5.4.1 Cryogenic Propellant Systems

The cryogenic and gaseous propellants of interest include, but are not limited to, 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 the concepts that will require the cryogenic propellant inventory in the vehicles to be maintained, this will include ground hold, the launch transient, a long-term quiescent in-space period, trans lunar/Mars injection and while in orbit. The cryogenic propellants are to be delivered in a vapor free condition to the Reaction Control Systems (RCS) thrusters and the Main Propulsion Systems (MPS) engines of the vehicle. The anticipated on-orbit storage durations of months to years, coupled with the ground hold and launch transient requires the development and maturation of advanced cryogenic storage technology to reduce the propellant losses due to environmental heating.

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 includes:

(1) Thermal control system technologies including but not limited to multi-layer insulation, low conductivity structural systems, cryocoolers, solar shading and radiation shields;
(2) Instrumentation including low gravity gauging, flow, pressure, leak, and temperature measurement;
(3) Low gravity propellant management devices including surface tension based liquid acquisition devices and mission operational controls;
(4) Pressure control systems including mixers, thermodynamic vents and conventional vents;
(5) Pressurization systems (autogenous and non-autogenous);
(6) Computational analysis of CFM components and subsystems.
2.5.4.2 Non-cryogenic (Earth-storable) Propellant Systems

The non-cryogenic propellants of interest include, but are not limited to, hydrazine (N2H4) ,nitrogen tetroxide (NTO),and monomethylhydrazine (MMH).  Propellant system architectures of interest are monopropellant, bipropellant, and dual-mode systems.  The concepts will require 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 propellants are to be delivered to the Reaction Control Systems (RCS) thrusters and the Main Propulsion Systems (MPS) engines of the vehicle. Propellant storage systems with low mass fraction will likely be necessary, including composite based propellant storage tanks.  Systems to raise engine inlet manifold pressure, such as pumping systems separate from the engine are also of interest and have the opportunity to significantly improve the state-of-the-art in propellant delivery systems by decoupling engine inlet pressure from tank storage pressure.  Thermal control systems to maintain propellant temperatures above their freezing point while consuming a minimum of power are of particular interest for long duration missions.

The contractor shall have prior experience in the development, design, manufacturing, test, integration, and flight application of fluid management technologies for space propulsion systems utilizing the propellants of interest. The scope includes:

(1) Thermal control system technologies including but not limited to multi-layer insulation, tank and line heater technology, solar shading and radiation shields;
(2) Instrumentation including low gravity gauging, flow, pressure, leak, and temperature measurement;
(3) Low gravity propellant management devices including surface tension based liquid acquisition devices and mission operational controls;
(4) Pressurization systems including mechanical and closed-loop pressure control systems and both inert gas pressurant and self-pressurization concepts;
(5) Propellant pumping systems to raise engine inlet manifold pressure, including turbine and piston based pumps;

(6) Low mass-fraction propellant storage tanks;

(7) Computational analysis of fluid components and subsystems.
2.5.5 Electric Propulsion

Electric propulsion technology development in support of NASA’s exploration activities, and other applications in the national interest, is vital.  It is a key technology with the potential to support all four science areas of NASA’s Science Mission Directorate - Astrophysics, Earth Science, Heliophysics, and Planetary Science.  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 the other two science areas for missions requiring high total impulse.    

The contractor shall have prior experience in the design, manufacturing, test, integration, and flight application of electric propulsion technologies in the areas of electrostatic or electromagnetic or electrothermal electric propulsion.  The contract scope includes:

(1) Execution of detailed propulsion system trade studies to develop system concepts and architectures, and to evaluate and compare electric propulsion options for mission applications of interest;
(2) Design and fabrication of thruster components, thrusters, propellant feed systems, power and control systems, and other components and subsystems of electric propulsion systems necessary for the advancement of technical maturity and transition to flight application;
(3) Development and application of analytical tools to evaluate the technical maturity of electric propulsion subsystems and systems, to include cost, risk, reliability, and life.

2.5.6 Rocket-Based Combine Cycle Propulsion Systems
 
Rocket-Based Combined Cycle (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. Rocket Based Combined Cycles combine air-breathing engines such as ramjets and scramjets with rocket engines housed in the same engine envelop to enable use of atmospheric oxygen for a portion of the flight.  This Rocket-Based Combined Cycle effort includes the research, analysis, design, development, fabrication, test and evaluation of advanced rocket based combine cycle propulsion system components and entire engine systems. The scope includes, but is not limited to: advanced inlets, diverters, mixers/combustors, nozzles, forebodies, steady and unsteady pulsed rocket thrusters, instrumentation and controls, materials and structures, thermal protection, thermal management, propellant management, the analytical tools necessary to bring Rocket-Based Combined Cycles to fruition.

