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RESPOND TO THIS SAMPLE TASK

The format below is similar to a Space Technology Division Task Order.  Provide only your approach to performing the following task, rather than providing the specific requested deliverables below.

As described in Section L.11 (a) (1) b, Sample Task, “Provide a detailed response to the Sample Task.  The response should be of sufficient detail to fully demonstrate your understanding of the technical requirements of this RFP.  Your technical approach for accomplishing the work should include:  processes, analysis techniques and assumptions made.  Estimate the level of expertise and staffing needed to accomplish the task objectives.  Identify critical issues.  Discuss resolution of problems, assess risks, and proposed mitigation.  Estimate labor hours, skill level and mix, level of management oversight needed, proposed schedule and required resources.  Estimate the cost to accomplish the work.”

TASK TITLE:  Thermal Protection Systems Studies
PERIOD OF PERFORMANCE:  12 months

1.
GOALS:

To develop and apply experimental and analytical research capabilities necessary for the design of efficient aerospace flight vehicles regarding thermal protection systems, planetary entry analysis, high enthalpy facilities research, and thermal protection materials development and characterization.

2.
GENERAL DESCRIPTION OF REQUIRED SERVICES:

The required services fall into three Sub Task categories.  

A.
TPS Environment Modelling FOR aerospace flight vehicles and planetary probes: 
The design of efficient thermal protection systems (TPS) for aerospace flight vehicles and planetary probes requires a detailed understanding of the flow environments and thermal loads to which the TPS materials will be subjected.  The analysis efforts encompass both the flight environment and test environment where the materials are tested and certified, most often in high enthalpy arc jets.  This task will provide support in two general areas: (1) properly modeling the flight flow environment, including the interaction between the flow field and TPS; and (2) performing flow field computations and systems analyses of aerospace flight vehicles for TPS design studies.  From these results, the weight, size and characteristics of the TPS are developed, and the impact on overall vehicle performance is assessed.

Computational capabilities continually evolve to enable more accurate simulation of the flow environment surrounding aerospace flight vehicles, which include wall boundary conditions to account for all important surface and in-depth phenomena. This flow modeling capability will be applied to candidate configurations of aerospace vehicles and probes to determine thermal loads encountered in atmospheric entry. 

Concept studies for future Robotic and Human exploration missions require heat shield sizing estimates and spacecraft aeroassist analyses as part of an overall mission feasibility assessment.    Trajectory calculations, heating rates and heat shield sizing will be required as needed to support these mission concept studies.  To support this activity, high fidelity computations are needed to check the preliminary methods used to size the heat shield. 

DELIVERABLE:  Provide preliminary system level entry vehicle trades on TPS/ heatshield mass for Crew Exploration Vehicle (CEV) designs.

DELIVERABLE:  Provide one full vehicle 3-D CFD solution and one 2-D axisymmetric solution of a planetary entry probe.

B.
EXPERIMENTAL AND COMPUTATIONAL INVESTIGATIONS OF HIGH ENTHALPY FACILITIES:

The development of future high enthalpy facilities requires a thorough understanding of the basic mechanisms of energy addition to a test gas. This understanding must include the flight environment and the test environment where the materials are developed and aerothermodynamic concepts are tested.   To aid in this process, a focused effort is underway to characterize the arc jet flow field through analytical and experimental investigations.  Future requirements for hypersonic simulation facilities will include higher enthalpy levels, larger test article sizes and lower operating costs.  Significant evolutionary advances in the present technology of arc plasma heaters and hypersonic wind tunnel design are needed to achieve these goals.  It will be necessary to maintain a close relationship between the analytical and experimental research in this program. 

For reliable and accurate interpretation of arcjet data the flow field must be characterized.  Such characterization can be accomplished by (1) emission measurements in the plenum, free stream, and bow shock layer; (2) spatially resolved  velocity, species, and temperature measurements using laser-spectroscopic  techniques;  or  (3) measurement of thermodynamic  parameters, such as enthalpy. 

The experimental effort must address the following.  Spatially resolved measurements of the radiative emission emanating from the bow shock region of a blunt body placed in the free stream are to be made.  Similar measurements in the free stream are also required.  In particular, robust, fiber-optic instrumentation must be developed and implemented to provide off-centerline scanning capability for emission measurements in the shock layer.

The computational effort  must be directed towards  maintaining and improving  the radiative  transport code (NEQAIR96) so that the measured emission  data can be reconciled with the computational prediction.  The areas  of major concern in the numerical modeling are: (1) nonuniformities, and nonequilibrium effects along the line-of-sight.; (2) NO excitation mechanisms;  and (3) N atom recombination  in the nozzle and free stream, and these must be addressed experimentally.  To assess  the importance of (1), spectrally resolved emission measurements at several radial locations, for one axial position, must be made and analyzed using an Abel inversion.

High performance high enthalpy facilities are critical to the success of AS Division program objectives.  Understanding the flow quality and characteristics of these facilities as well as expanding their operating range and efficient operability is very important to validation of aerothermodynamics, TPS design concepts and thermal protection materials performance..  In support of efforts to enhance the performance of this class of facilities, the following specific requirements are established.  

Specific requirements serving these goals include:

Develop a methodology for translating flight environment parameters obtained from vehicle/probe CFD analyses (e.g., heat flux, surface shear, pressure, enthalpy) to the arc jet test environment. Use resident CFD codes to compute the flow properties of the arc jet free stream over candidate test model designs. Establish the arc jet operating conditions  and model designs which optimize the correspondence to particular flight environment parameters.

DELIVERABLE:  Compute the arc jet test environment required for simulating lee side heating of a CEV design at three body points for one prescribed angle of attack and trajectory point.
C.
THERMAL PROTECTION MATERIALS DEVELOPMENT AND CHARACTERIZATION:

The next generation of transatmospheric vehicles will require advanced TPS that have better performance, lower weight, and reduced fabrication and maintenance costs than currently available.  Planetary missions will require development of aeroshells for vehicles entering Mars and other planets.  The general AS Division activities to satisfy these goals include: (1) research in TPS materials development and characterization; (2) computational analysis of thermal protection systems under ground test and flight environments; (3) fabrication of materials for ground test and flight hardware, and (4) the operation and maintenance of laboratory and computational facilities.

The Division develops advanced ceramic matrix composites, ceramic/polymer composites, other rigid and flexible ceramic and hybrid materials, as well as insulations and ceramic coatings.  Material samples are fabricated and tested to determine optimum processing conditions taking into account performance, fabrication safety, cost, and other factors.  Research also includes improved oxidation resistant carbon-based reusable surface insulation and TPS waterproofing.  Commercial computational tools are used for the design, analysis and optimization of TPS flight and ground test hardware.  Within this subtask, the contractor works in a support role for the Arc Jet Complex by evaluating test feasibility, selecting test conditions, designing test models, conducting pre-test and post-test analysis, and documenting test results.

Specific task requirements necessary to achieve these goals include:

REQUIREMENT:
Develop a new surface treatment for ceramic tile insulation with improved (increased) surface emissivity and strength that does not significantly increase the overall thermal conductivity of the tile system.

DELIVERABLE:
Development schedule and preliminary properties and processing specifications.  Document the results of arc-jet tests demonstrating the performance of the surface treatment.

REQUIREMENT:
Predict the thermal and mechanical response of a ceramic tile wing leading edge (WLE) design under both ground test (arc-jet) and flight environments.

DELIVERABLE:
Report documenting the results of the analyses for a given WLE design with an explanation of the assumptions, caveats and uncertainties.

3.
GOVERNMENT-FURNISHED EQUIPMENT AND SERVICES:

Ames Research Center will furnish office space and equipment, computer resources, laboratory equipment and laboratory space for the direct performance of this task.  The major experimental facilities involved in this work are the Ames Research Center Arc Jet Complex and the range complex.  A collection of laboratories is also dedicated to the development of thermal protection materials.  The computational resources include local terminals, personal computers, high performance workstations, and licenses for commercial software and use of Government “off-the-shelf” software.  Access to these facilities will be provided as necessary and will be shared with other NASA research programs requiring access. Refer to attachment J.1 (a) 3.

4.
GENERAL DELIVERABLES TASK IMPLEMENTATION:

The following deliverables are expected from the task:

	Deliverable
	Delivery Required

	
	

	•
Monthly status reports (including Quarterly Objectives to be included in every 3rd monthly) will be required to track progress.  These reports are to be brief, written reports stating “progress to date,” covering the calendar month and to be delivered by the sixth (6th) of the following month.  In addition, the monthly reports will detail any questions or difficulties encountered during the report period.
	5 working days after the end of each month.

	•
Quarterly Objectives shall be proposed and negotiated with Task Requester and agreement shall be reached every 3rd  month.
	5 working days after the end of each quarter.
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