ATTACHMENT A

RFP NNC07175515R
Delivery and Storage of Cryogenic Propellants for Exploration Missions

Introduction

NASA is currently developing the propulsion system concepts for exploration missions including a near term human return to the lunar surface and an eventual human mission to Mars. The propulsion concept defined in the NASA Exploration System Architecture Study (ESAS) considered the use of cryogenic propellants – liquid oxygen (LO2), liquid methane (LCH4) and/or liquid hydrogen (LH2) for the low gravity portion of the mission. These exploration propulsion system concepts included a service module for LEO orbit maneuvering and for the orbit insertion of a crewed capsule required for lunar exploration missions and a lunar surface access module. The concepts will require the cryogenic propellant inventory in the vehicles to be maintained during ground hold, the launch transient, a long term, quiescent in-space period, trans lunar injection and while in lunar orbit. The cryogenic propellants are to be delivered in a vapor free condition to the Reaction Control Systems (RCS) thrusters and the Orbital Maneuvering Systems (OMS) engines of the vehicle. The anticipated on-orbit storage durations of up to 225 days, 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.

Current state-of-the-art cryogenic propellant storage tank insulation concepts use a foam material for ground hold and Multi-Layer Insulation (MLI) for on-orbit coast. The existing data base for cryogenic propulsion system applications is for a coast duration of less than one day. For the longer duration NASA exploration missions advanced cryogenic storage techniques employing thicker MLI, vapor cooled shielding, low conductivity and/or cooled tank mounting supports, active cooling using cryocoolers, etc. will be required. 

Objective

This statement of work requests 1) a conceptual design study to evaluate and optimize a mass efficient, low power, reduced propellant loss approach for the propellant inventory and thermal control of cryogenic propellants for the service module portion of the ESAS defined exploration missions, 2) design and fabrication of two RCS feed line manifolds to support ground based RCS testing. Propellants of interest include liquid oxygen (LO2), liquid hydrogen (LH2) and liquid methane (LCH4).

Base Portion – Analysis and conceptual design study of the cryogenic propellant storage thermal control system of the service module for the on-orbit portion of the ESAS defined exploration missions.

Option 1 – Analysis and conceptual design study for modifications to the Base Portion design thermal control system of the service module for the ground hold and the launch ascent portion of the ESAS defined exploration missions.

Option 2 – Analysis and final design of the RCS feed line thermal conditioning system, insulation, and operational requirements to maintain thermally conditioned propellant as required by the RCS engines of the service module (LO2/LCH4 only).  

Option 3 –Fabrication and integration into the NASA White Sands Test Facility (WSTF) of two RCS engine feed line manifolds (one for each propellant, LO2/LCH4).  This will require mock-up, mating and assembly in place at WSTF.  

Preliminary Propellant Storage and Feed Line Study Data for Base and All Options

Mission operating conditions and thermal environment

· Cryogenic fluids include LO2, LH2 and LCH4.

· Propellant operating temperature ranges are for LO2, 224o R to 120o R, for LH2, 38 oR to 30 oR and for LCH4, 224o R to 165o R.

· LO2/LCH4 propulsion is a pressure-fed system with integrated RCS thrusters utilizing common propellant tanks with the main propulsion. Maximum Expected Operating Pressure (MEOP) of the propellant storage tank is 325 psia for the LO2/LCH4 propellant combination with an external ambient pressure range from 15 psia to space vacuum..

· LO2/LH2 propulsion is a pump-fed system with a separate LO2/LCH4 RCS system. Maximum Expected Operating Pressure (MEOP) of the main propellant storage tank is 100 psia for the LO2/LH2 propellant combination with an external ambient pressure range from 15 psia to space vacuum. Contractor shall assess the impact of reducing tank MEOP to 50 psia for LO2/LH2 case. 

· Nominal cryogenic fluid mass requirements for propulsion: LO2, 10,000 lbs, LH2, 2000 lbs, and LCH4, 3,000 lbs.

· The baseline pressurant is helium stored at approximately 180 R using thermal linkage to the LO2 tank to maintain this temperature.

· The anticipated flight acceleration to Low Earth Orbit (LEO) is < 5 g’s axial acceleration and < 1.5 g’s lateral acceleration with full propellant tanks.

· The external thermal environment is defined in the ESAS report available at www.nasa.gov/mission_pages/exploration/news/ESAS_report.html .

· The optimized cryogenic propellant storage tanks for the LO2/LCH4 propellant combination will be cylindrical with metallic ends and a composite overwrap metallic cylindrical section. The optimized cryogenic propellant storage tanks for the LO2/LH2 propellant combination will be cylindrical and Al-Li material.
· The configuration per propellant set is, for LO2/LCH4, two tanks each constrained within a cylindrical structure approximately 18 feet in diameter and for LO2/LH2, one LO2 tank and 4 to 6 LH2 tanks within a cylindrical structure approximately 18 feet in diameter.

· The mission duration is 225 days and includes the on-orbit times required for the mission phases for earth orbit, trans lunar injection and lunar orbit. 

Task Descriptions

1. Base Portion – The contractor shall provide an analysis and conceptual design study of the cryogenic propellant storage thermal control system of a service module for the on-orbit portion of the ESAS defined exploration missions. This shall include the vehicle layout, tanks, engines, structure, and support systems. 

1.1. Analysis Assumptions: The final on-orbit mission operating conditions and thermal environment shall be defined by the contractor and agreed to by NASA within two (2) weeks of Authority to Proceed (ATP) and prior to initiating the study. The “Mission operating conditions and thermal environment” provided in the “Preliminary Propellant Storage and Feed Line Study Data for Base and All Options” section shall be used as the point of departure.

1.2. System Detail:  Specific components and subsystems of the propellant tanks to be addressed during the conceptual design study of the thermal control system shall include the following:

1.2.1. The thermal and structural performances of the MLI and any integrated insulation components. Develop a detailed MLI model. 

1.2.2. The routing and material choices for the RCS propellant feed lines to minimize engine soak back and environmental feed line heating. Simplifying assumptions are appropriate for the Base Portion. Detailed design considerations shall be included during Option 2.

1.2.3. Tank and feed line support structural and thermal design. Mature the structural design to optimize the configuration, determine the heat load, define the tank mounting interface to the service module bulkhead, and specify the support materials to significantly reduce the heat conduction into the propellant and pressurant tanks.

1.2.4. Thermal coupling of the propellant and pressurant tanks. Specify a thermal coupling design optimizing on coupling mass, material selection and configuration. Identify the optimum storage temperature for the helium pressurant gas.

1.2.5. Subcooling of the propellants prior to launch. Determine the optimum subcooling temperature of the propellants optimizing on minimal launch pad operation impact and maximum propellant heat capacity during the launch hold and on-orbit time.
1.2.6. Redundancy requirements for the human rated exploration missions shall be addressed. Specify the component and subsystems required to achieve reliability goals and determine the mass of these added components and subsystems.
1.3. Thermal Approaches: The analysis and trade studies shall include the evaluation of 1) a passive MLI only thermal control scheme, 2) vapor cooling using a portion of the stored cryogenic propellants for thermal control, and 3) a hybrid scheme using a combination of passive MLI and active cooling thermal control employing a cryocooler to remove the parasitic heat.

1.3.1. For each of the three thermal control concepts, the trade studies shall assess the propulsion system gross and dry launch mass, power requirements, and stored propellant loss.

1.3.2. For the hybrid scheme employing cryocoolers, specify the mechanical and thermal interfaces of the cryocoolers to minimize heat conduction into the propellant and pressurant tanks. 
1.3.3. For each of the three thermal control concepts the contractor shall transmit to NASA the fluid, material and thermal properties/parameters, and sufficient design detail used by the contractor in their final study of each concept to allow NASA to conduct a parallel thermal analysis using a NASA developed cryogenic analysis tool. The contractor shall also identify the basis of subsystem and component models and the basis for any assumptions, margins, and performance bands used in the analysis.
1.4. Period of Performance

1.4.1. The Base portion of the contract period of performance is 22 weeks and shall be complete on June 1st, 2007
1.5. Reporting

1.5.1. The contractor shall conduct weekly telecoms with NASA personnel to discuss the status of the analysis and conceptual design study.
1.5.2. An interim presentation shall be conducted by the contractor on March 1st, 2007 at the NASA Glenn Research Center in Cleveland, Ohio.
1.5.3. A final presentation shall be conducted by the contractor on May 17th, 2007 at the NASA Glenn Research Center in Cleveland, Ohio.

1.6. Deliverables

1.6.1. Interim report  in Microsoft Word format shall be delivered by March 15th,2007

1.6.2. The final report in Microsoft Word format shall be delivered by June 1st, 2007. 

1.6.3. Conceptual design drawings shall be supplied in a TBD format by June 1st, 2007.

2. Option 1 – The contractor shall perform an analysis and conceptual design study for modifications to the Base Portion design thermal control system of a service module for the ground hold and the launch ascent portion of the ESAS defined exploration missions.
2.1. Analysis Assumptions: The final ground hold and launch ascent mission operating conditions and thermal environment shall be defined by the contractor and agreed to by NASA prior to initiating the Option 1 portion of the study. The mission operating conditions and thermal environment defined by the contractor and agreed to by NASA in the Base Period (section 1.1, Analysis Assumptions) shall be used as the point of departure.

2.2. System Detail: :  Specific components and subsystems of the propellant tanks to be addressed during the Option 1 portion of the study of the thermal control system shall include the following:

2.2.1. The Contractor shall provide a conceptual design of the MLI venting scheme and, if required, MLI purge system and purge gas flow rates.

2.2.2. The contractor shall analyze and report the MLI venting rates and time required to achieve near complete out gassing of the MLI during launch ascent and the steady state MLI performance.

2.3. Thermal Approaches: The analysis and trade studies shall include the evaluation of a trade of SOFI insulation versus MLI purge for ground hold and ascent.

2.4. Period of Performance

2.4.1. The Option 1 portion of the contract period of performance is 12 weeks and shall be complete on July 2nd, 2007
2.5. Reporting

2.5.1. The contractor shall conduct weekly telecoms with NASA personnel to discuss the status of the analysis and trade studies.
2.5.2. An interim presentation shall be conducted by the contractor on May17th, 2007 at the NASA Glenn Research Center in Cleveland, Ohio.
2.5.3. A final presentation shall be conducted by the contractor on June 21st, 2007 at the NASA Glenn Research Center in Cleveland, Ohio.
2.6. Deliverables

2.6.1. Final report in Microsoft Word format shall be delivered by July 2nd, 2007. 

2.6.2. Conceptual design drawings shall be supplied in a TBD format by July 2nd, 2007.
3. Option 2 –The contractor shall provide an analysis and final design  of the RCS engine feed line (manifold) routing, line sizing, valving, instrumentation, insulation, supports, and operational requirements required to maintain thermally conditioned propellant (as defined in section 1.0, Base Portion) at the RCS engine inlet valves for test at the  WSTF test facility. At Option 2 Authority to Proceed (ATP), NASA will provide the line diameter (~0.5 in), routing lengths (~10 feet), thruster manifold configuration, interface requirements, and operational requirements necessary to support four 100 lbf engines operating on two manifolds, one for each propellant, (LO2 and LCH4).  
3.1. Analysis Assumptions: The final RCS engine feed line system mission operating conditions and thermal environment shall be defined by the contractor and agreed to by NASA within two (2) weeks of the Authority to Proceed (ATP) and prior to initiating the study. The mission operating conditions and thermal environment defined by the contractor and agreed to by NASA in the Base Period (section 1.1, Analysis Assumptions) shall be used as the point of departure.
3.2. System Detail: :  Specific components and subsystems of the RCS engine feed line to be addressed during the Option 2 portion of the contract shall include the following:

3.2.1. The specific components, instrumentation and valving of the RCS engine feed line identified during Option 2 must be compatible with the WSTF infrastructure.

3.2.2. Welded tubing connections shall be used as much as practical.

3.2.3. Contractor shall report on insulation model developments specific to feed lines (e.g. MLI model modifications to account for application to small diameter tubing and for venting during ascent). 

3.2.4. The contractor shall analyze and report the MLI venting rates and time required to achieve near complete out gassing of the MLI during launch ascent and the steady state MLI performance.

3.3. Thermal Approaches: The analysis and design shall include the evaluation of strategies for ground hold, ascent, and in-space thermal control of the feed line insulation. If an MLI purge is required, the purge scheme design (under the MLI or compartment) shall be defined. If the contractor determines that an actively cooled (cryocooler integration) approach is desirable, an alternate approach without the use of cryocoolers shall also be analyzed.
3.4. Period of Performance

3.4.1. The Option 2 portion of the contract period of performance is 13 weeks and shall be complete on April 3rd, 2007
3.5. Reporting

3.5.1. The contractor shall conduct weekly telecoms with NASA personnel to discuss the status of the analysis and trade studies.
3.5.2. The contractor shall attend a kick-off meeting at the NASA-WSTF one week after the ATP. 

3.5.3. A preliminary design review (PDR) shall be conducted at the contractor site on February 15th, 2007.

3.5.4. A final design review (FDR) shall be conducted by the contractor on March 27th, 2007 at the NASA  Johnson Space Center in Houston, Texas

3.6. Deliverables

3.6.1. Preliminary design review documentation (PDR presentation materials, drawings, documentation of preliminary analysis) delivered by February 22nd, 2007

3.6.2. Final report in Microsoft Word format shall be delivered by April 3rd, 2007. 

3.6.3. Final design drawings shall be supplied in a TBD format and Final Design Review documentation (FDR presentation materials, detailed drawings, documentation of analysis, hazards analysis) by April 3rd, 2007. Design drawings and details shall be sufficient for the government to fabricate and install the thermal control components.
4. Option 3 –The contractor shall fabricate and support the integration into the WSTF two RCS engine feed line manifolds, (one for each propellant, LO2/LCH4) based on the NASA approved final design of Option 2.  This test hardware will consist of the tubing, thermal conditioning system, instrumentation, feed line insulation and ground hold thermal control system for test at the WSTF at simulated ground and space vacuum conditions. The contractor shall provide two concurrent weeks of support at WSTF to integrate the contractor supplied RCS engine feed line manifolds into the WSTF test facility. This support period will be specified by NASA and will occur during a RCS engine test hardware assembly period between June 1st, 2007 and August 1st, 2007. 

4.1. Analysis Assumptions: N/A
4.2. System Detail: 

4.2.1. Welded tubing connections shall be used as much as practical.
4.2.2. The contractor shall conduct mock-up, mating and assembly in place at WSTF as required. For any work to be done by WSTF personnel, the contractor shall provide necessary specifications, drawings and requirements.
4.3. Thermal Approaches: N/A
4.4. Period of Performance

4.4.1. The Option 3 portion of the contract period of performance is 18 weeks and shall be complete on August 1st, 2007
4.5. Reporting

4.5.1. The contractor shall conduct weekly telecoms with NASA personnel to discuss the status of the fabrication.
4.6. Deliverables

4.6.1. Final report in Microsoft Word format documenting all fabrication and testing details shall be delivered by June 1st, 2007.

4.6.2. Two manifolds (one for each propellant, LO2/LCH4) shall be delivered for test at the WSTF by June 1st, 2007.

4.6.3. Appendix for Final report documenting installation into WSTF shall be delivered by August 1st, 2007.
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