Attachment L–4—Sample Tasks for Space Propulsion 
Technology Area (2.4)
The responses to the following Sample Tasks will be evaluated to ensure that the Offeror understands the technical requirements sought and has the capability to perform the technical work required.

Offeror’s Response Required for Evaluation: The tasks listed below are examples of possible tasks in this Technology Area. The Offeror is not being asked to complete the actual work outlined in the Sample Tasks. For the purpose of this evaluation, the contractor shall only submit their plan on how they would address each sample task to solve the technical problems presented. The following shall be included: 

1. Plans on how Offeror would address each sample task to solve the technical problems presented. These plans shall include a detailed technical approach and basis for the approach. In addition, the Offeror shall identify any critical technologies associated with the task.

2. Prior relevant work that is directly applicable to the sample task.

3. Schedule with milestones and deliverables, and make/buy decisions indicating which work will be done in house and which will be subcontracted.

4. Workforce, skill mix, and skill level required to complete the sample task.

5. Unique analysis tools and facilities available with the Offeror that would provide added value. 

6. Top-level risk assessment, identifying key risks associated with performing the sample tasks and potential actions to mitigate these risks.

Note: Specific tasks will require cost plans to be submitted in Volume 2. Instructions for this are given in L26 of Section L.

Task 1: Characterization of Swirl Coaxial Injector Elements Utilizing Gaseous Methane and Liquid Oxygen

Objective: Parametrically investigate and optimize swirl coaxial injector elements for application to sub-critical methane and oxygen propellant propulsion systems. 

Description of Work to be Performed: Conduct a top-level risk and technology readiness level (TRL) assessment relevant to developing swirl coaxial injectors for sub-critical methane and oxygen propellant propulsion systems.

Parametric analysis

Perform a parametric analysis to identify several different swirl coaxial injector element geometries and thrust per element levels appropriate for a regeneratively cooled 7500 lbf vacuum thrust pump-fed LOX/methane engine using swirl coaxial injector elements. The engine will utilize methane as the regenerative coolant. Key metrics should include, but not be limited to, engine performance and combustion chamber compatibility. The contractor shall recommend several element configurations for further investigation.

Engine conditions to be utilized for analysis

	Engine conditions to be utilized for analysis

	Oxygen Engine Inlet Temperature (deg R)
	163 - 185 

	Methane Engine Inlet Temperature (deg R)
	170 - 209

	Propellant Inlet Pressures (psia)
	50-60

	Engine Pc Target (psia)
	500

	Chamber Length
	Optimized for heat pick-up, performance, mass

	Performance Target
	98% c* efficiency


Injector element cold-flow investigation

Perform parametric cold-flow mixing studies of the element configurations derived from the parametric analysis to gain an understanding of the effects that relevant variables have on the flow field produced by a single-swirl coaxial injector element. The contractor shall recommend a subset of injector element configuration candidates to be carried forward to hot-fire testing.

Injector Element Hot-Fire Investigation

Perform uni-element hot-fire testing of approved swirl coaxial element configurations. The hot-fire testing will be conducted over a broad range of performance controlling parameters. The contractor shall propose the necessary test plan to develop a database sufficient to mitigate risk to successful development of injector elements for the full-scale engine. In addition to reporting, electronic raw and post-processed data shall be delivered to NASA via a contractor-defined mechanism.

Period of Performance: 1.5 yr
Task 2: Nitrogen Regulator Design and Development

Objective: Design, fabricate, test, and deliver a high-pressure, inert gas regulator component for in-space propulsion applications. 

Description of Work to be Performed:

Design

Design a passive mechanical regulator capable of regulating gaseous nitrogen (N2) according the parameters in Table 1. The regulator shall incorporate an internal relief valve to vent gaseous N2 in the event that the regulator fails to open or the downstream pressure exceeds the specified value. The conceptual design shall be completed in a period of 6 months, culminating in a preliminary design review (PDR). Following completion of the PDR, detailed design of development hardware shall be completed, culminating in the fabrication and test of the development regulator.

	TABLE 1.—GASEOUS NITROGEN PARAMETERS

	Parameter
	Value

	Inlet pressure range
	470 to 3000 psig

	Regulated outlet pressure
	325 psig

	Lockup pressure
	360 psig

	Relief pressure
	450 psig

	Reseat pressure
	400 psig

	Maximum design pressure
	3000 psig

	Proof pressure
	1.5 × MPD

	Burst pressure
	2.5 × MPD

	Control accuracy
	+/- 10 psi

	Flow rate
	15 SCFM

	Inlet temperature range
	-45 to 170 deg F

	External leakage (welded)
	1x10-6 sccs GHe

	External leakage (mechanical)
	1x10-3 sccs GHe

	Internal leakage
	typical


Fabrication

The contractor shall fabricate a sufficient number of piece parts to enable the assembly of two complete development regulators. However, only a single unit needs to be assembled for test purposes.

Testing 

The contractor shall experimentally evaluate the regulator compliance relative to all requirements. Performance parameters including regulator response, slam start, overshoot, lockup, regulated flow, and internal and external leakage shall be evaluated. Compliance with proof and burst pressure requirements shall be demonstrated. Random vibration testing shall be conducted with the regulator pressurized at 3000 psi, at the lockup condition. Vibration Power Spectral Density (PSD) will not be provided.  Offeror should assume an environment typical of similar propellant management devices qualified as part of spacecraft propulsion systems. Levels assumed should be clearly stated, as it is not the intent to make testing or design envirnments a discrimtator. Performance testing shall be repeated following the vibration testing.
Period of Performance: 18 months

Task 3: Tank-Applied MultiLayer Insulation (MLI) Protection 
Study for Micrometeoroid Orbital Debris (MMOD)—MLI Integration and Long-Term Lunar Surface Environment

Objective: Evaluate multilayer insulation (MLI) systems thermal performance applicable to a lunar lander concept in both low-gravity (low Earth orbit (LEO)/low lunar orbit) and reduced gravity (lunar surface) environments. 

Description of Work to be Performed: 

MMOD/MLI integration techniques

Develop a model to predict the number and size of micrometeoroid impacts and the damage assessment on the lunar lander descent and ascent propellant tanks for a four-day duration in LEO and during a three-day lunar transit based on a NASA-given vehicle orientation, tank sizes, and tank configuration.

Identify MMOD shield concepts and down-select to an optimum concept based on MMOD shield and MLI attachment mass, MMOD/MLI integration complexity, fabrication capability and thermal performance degradation (if any) to the tank applied MLI. NASA will provide the MLI material, number of layers, and tank application technique.

Develop an analytical model of the MMOD/MLI integrated performance to predict on-orbit thermal performance for the (contractor selected, NASA approved) lunar lander descent and ascent propellant tanks. Identify all margin factors applied to the model parameters and predict the uncertainty band on the models heat load and thermal performance degradation predictions.

Develop a ground test approach and test matrix for demonstrating the integrated MMOD/MLI thermal performance for both the descent stage LH2 propellant tank and the ascent stage LCH4 propellant tank.

Long-term effect of the lunar surface environment

Perform an assessment on the MLI performance degradation of the lunar lander ascent stage LO2/LCH4 tanks of the individual and combined lunar surface environment effects—the long-term solar radiation, lunar dust, lunar surface ambient temperature change, and micrometeoroid impacts for the NASA provided ascent stage orientation, tank sizes, and tank configuration.

Perform an assessment of the thermal performance of the combined lunar surface environment effects on the MMOD shield selected for the ascent stage propellant tanks. Based on the results, the contractor shall select a different MMOD shield concept or develop a technique to mitigate the lunar surface environment effects on the MLI thermal performance. The mitigation technique shall be selected based on a trade of total system mass, power requirements, astronaut involvement, operational complexity, and propellant consumption.

The contractor shall develop an analytical model of the integrated MMOD/MLI performance to predict the lunar surface thermal performance for the lunar lander ascent stage propellant tanks. Identify all margin factors applied to the model parameters and predict the uncertainty band on the models heat load and thermal performance degradation predictions.

The contractor shall develop a recommended ground test approach and test matrix for demonstrating the MMOD/MLI thermal performance for the ascent stage LCH4 propellant tank.

Period of Performance: 1 yr

Task 4: Ion and Hall Propulsion System Assessment and Development Plan for NASA Missions 

Objective: Develop an infusion plan for the maturation of electric propulsion systems for NASA’s Science Mission Directorate (SMD) science missions.

Description of Work to be Performed:

Ion/Hall candidate technologies

Perform a preliminary assessment of NASA’s Evolutionary Xenon Thruster (NEXT) and High Voltage Hall Accelerator (HiVHAC) for implementation into NASA’s Science Mission Directorate (SMD) science missions based on a contractor selected upcoming NASA science mission from Discovery, New Frontiers, or Flagship-Class missions. As a baseline for the preliminary mission assessment, the throttle tables of the NEXT and HiVHAC engines shall be used (provided upon request). The mission study (-ies) shall evaluate the NEXT and HiVHAC propulsion systems and provide an assessment of the derived benefits from using these electric propulsion technologies for the NASA science mission. The assessment study shall include:

· Launch system that is required for respective mission

· Total required propellant mass for respective mission

· Projected electric propulsion system dry mass

· Projected costs associated with maturing the NEXT or HiVHAC propulsion systems to a flight readiness state (derived from next section)

· Projected cost for the first user for implementing a NEXT or HiVHAC propulsion system (derived from next section)

Roadmap for Maturing Candidate Systems to Flight Readiness

Develop a roadmap that outlines the tasks needed to mature the NEXT or HiVHAC subsystems to flightlike state. The roadmap shall outline the tasks associated with the development of the following NEXT or HiVHAC electric propulsion subsystems to flight readiness:

· Thruster 

· Power processor unit

· Propellant management system

· Digital control interface unit

The roadmap shall detail the various subtasks required to attain a flightlike system, including at a minimum:

· Design of various electric propulsion subsystems

· Fabrication of various electric propulsion subsystems

· Testing of various electric propulsion subsystems

· Qualification of various electric propulsion subsystems

· Demonstration of the integrated electric propulsion subsystems

Provide a cost/resource estimate for such a flightlike electric propulsion system development, including first-user projected costs. These costs shall be divided into recurring and nonrecurring costs so that first-user and subsequent user costs can be determined.

Period of Performance: 1.5 yr 

