Cryogenic Propellant Management Device (PMD) Conceptual Design Study SOW

1 Introduction
NASA is currently developing the propulsion system concepts for human exploration missions to the lunar surface. The propulsion concepts being investigated are considering the use of cryogenic propellants for the low gravity portion of the mission, that is, the lunar transit, lunar orbit insertion, lunar descent and the rendezvous in lunar orbit with a service module after ascent from the lunar surface. These propulsion concepts will require the vapor free delivery of the cryogenic propellants stored in the propulsion tanks to the exploration vehicles main propulsion system (MPS) engines and reaction control system (RCS) engines. Propellant management devices (PMD’s) such as screen channel capillary liquid acquisition devices (LAD’s), vanes and sponges currently are used for earth storable propellants in the Space Shuttle Orbiter OMS and RCS applications and spacecraft propulsion applications but only very limited propellant management capability exists for cryogenic propellants. NASA has begun a technology program to develop LAD cryogenic fluid management (CFM) technology through a government in-house ground test program of accurately measuring the bubble point delta-pressure for typical screen samples using LO2, LN2, LH2 and LCH4 as test fluids at various fluid temperatures and pressures.
Cryogenic PMD’s for the future NASA exploration mission scenarios require the following necessary general attributes:
1. Minimal mass and minimal volume (< 2% tank volume)
2. Provide vapor free, subcooled liquid to the ME and RCS engines

3. Maintain an expulsion efficiency of > 98% i. e. minimize propellant tank residuals
4. Operate in a low gravitational environment (acceleration levels < 10-6 torr)
5. Robust performance under omni-directional accelerations imposed by RCS thruster firings and during propellant slosh periods following main engine shutdown

6. Capable of providing a wide range of flow rates typical of MPS and RCS engine requirements and for tank pressure control thermodynamic vent system (TVS operation)
7. Suitable for both liquid transient flow (< 1 second) typical for RCS operation and continuous flow (> 20 minutes) typical for ME operation

8. Connected to an engine propellant feed system and intolerant to minor downstream pressure conditions of shutoff valve water hammer effects, propellant pump startup/shutdown transients or engine starts not removed by the feed system.

9. Structurally able to survive launch loads, be attached to the inside propellant tank walls and minimize conductive heat transfer from the tank walls to the fluid contained within the PMD, i. e. prevent heat entrapment within the PMD.

10. Able to be assembled into a metal or CoPV cryogenic propellant tank using existing tank fastening techniques i. e. no need to develop new attachment technology

2 Scope
The primary purpose of this SOW is to a conduct study to develop conceptual designs of cryogenic PMDs for two propellant tank sets (defined in section 4) which meets the requirements in section 1 and determine what, if any new technology or advanced development activities are required to implement the selected design concepts. A secondary objective is the desire of the government to assess the capability existing within industry to develop a cryogenic PMD and obtain an industry perspective on the technology and advanced development work still required for the maturation of cryogenic PMDs.
Since the propulsion systems for these cryogenic PMDs are intended are still in the trade study phase, approximate dimensions are provided in this solicitation that does not represent a specific NASA design.
3 Tasks

3.1 Base Portion of Study (8 month effort)
3.1.1 Develop a list of cryogenic fluid PMD candidates that can address the NASA exploration propulsion system needs. For each PMD concept document:

3.1.1.1 Principles of operation

3.1.1.2 Previous missions which have used this PMD candidate

3.1.1.3 Previous cryogenic work with this PMD candidate

3.1.1.4 Technical references for 3.1.1.1 through 3.1.1.3
3.1.2 Assess each of cryogenic PMD candidate’s potential to meet the requirements described in section 1 versus a government provided exploration mission profile and the assumptions listed in section 4 for the two propellant tank sets defined in sections 4.1 and 4.2 

3.1.3 Identify the major benefits and new technology development required for each PMD candidate including:

3.1.3.1 Strengths and weakness 

3.1.3.2 Technology readiness

3.1.3.3 Methodologies and tests required for flight technology readiness

3.1.3.4 Required low-g testing to achieve flight technology readiness
3.1.4 Present the results of tasks 3.1.1 through 3.1.3 and with the government approval, down select from the PMD candidates
3.1.5 Develop separate conceptual cryogenic PMD designs for the two propellant tank sets defined in sections 4.1 and 4.2 that meet the exploration mission requirements. Concept design shall include:

3.1.5.1 Drawings or CAD models of the size and shape of the PMDs illustrating key operational features
3.1.5.2 PMDs’ weight estimates

3.1.5.3 Estimates of the liquid residuals in the PMDs and tank when the PMD can no longer provide vapor free liquid

3.1.5.4 Analysis demonstrating the PMDs’ conceptual design meets the requirements described in section 1 versus a government provided exploration mission profile and the assumptions for the two propellant tank sets defined in sections 4.1 and 4.2

3.1.5.5 Recommended methodologies and tests for demonstrating the PMDs’ design performance meets the requirements in sections 4.1 and 4.2
3.1.6 Present a final presentation to include a summary of the results of tasks 3.1.1 through 3.1.5
3.1.7 Prepare a final report suitable for publication as a NASA CR documenting the results of tasks 3.1.1 through 3.1.5 

3.2 Option Portion of Study (4 month effort)
3.2.8 Optimize the conceptual PMD design based on
3.2.8.1 Refined exploration mission requirements or change in mission profile
3.2.8.2 Results of PMD Base study results

3.2.9 Present a final presentation to include
3.2.9.1 Optimized PMD conceptual design analysis results
3.2.9.2 Development plan for optimized PMD design

3.2.10 Prepare a final report suitable for publication as a NASA CR documenting the results of tasks 3.2.1 and 3.2.2.
4 Study Assumptions

4.1 Propellant tank set number 1 – a lunar descent stage RCS used for lunar transit and lunar orbit insertion 
4.1.11 Propellant combination is LO2/LCH4 stored in separate spherical, metal tanks each with a diameter of approximately 1 meter.
4.1.12 Nominal RCS cryogenic fluid mass requirements for propulsion: LO2, 300 kg and LCH4, 100 kg
4.1.13 Propulsion system is a pressure-fed system with a maximum expected operating pressure (MEOP) of the propellant storage tanks of 325 psia (2.24 MPa) and an operating temperature range for the LO2 and LCH4 of 224o R to 165o R
4.1.14 Capable of supplying liquid under 0.8 G axial acceleration from the main engine or 0.02 G acceleration in any direction. 
4.1.15 Nominal RCS thruster operation is pulse mode with pulse duration between 70 and 90 milliseconds
4.1.16 Contingency RCS engine operations require continuous thrust duration to 300 seconds.
4.1.17 Nominal RCS flow rate is 0.03 to 0.05 kg/sec of LCH4 and 0.09 to 0.15 kg/sec of LO2

4.1.18 Propellant storage time < 10 days
4.1.19 See attachment no 1 for the government provided exploration mission profile

4.1.20 The anticipated flight accelerations during launch from Earth are < 5 g’s axial acceleration and < 1.5 g’s lateral acceleration with a full RCS tanks

4.1.21 The propulsion system thermal environment is defined in the ESAS report available at www.nasa.gov/mission_pages/exploration/news/ESAS_report.html
4.2 Propellant tank set number 2 – a combined ME/RCS lunar ascent stage for lunar surface ascent with the main engine and lunar orbit rendezvous operations with the RCS engines
4.2.22 Propellant combination is LO2/LCH4 stored in separate cylindrical, metal tanks with an approximate length of XX meter and a diameter of approximately XX meters
4.2.23 Main engine and RCS engines propellants supplied from common tank.
4.2.24 Propulsion system is a pressure-fed system with a maximum expected operating pressure (MEOP) of the propellant storage tanks of 325 psia and an operating temperature range for the LO2 and LCH4 of 224o R to 165o R
4.2.25 Nominal total cryogenic fluid mass requirements for propulsion: LO2, 2700 kg and LCH4, 900 kg. 
4.2.26 Common propellant tank outlet port for main engine and RCS propulsion systems
4.2.27 Capable of supplying liquid under 0.8 g axial acceleration from the main engine or 0.02 g acceleration in any direction.

4.2.28 A reserve of 2% of each propellant is required for final RCS rendezvous and docking maneuvers.
4.2.29 Nominal main engine flow rate range is 1.5 to 2.0 kg/sec of LCH4 and 4.5 to 6.0 kg/sec of LO2
4.2.30 Nominal RCS thruster operation is pulse mode with pulse duration between 70 and 90 milliseconds
4.2.31 Contingency RCS engine operations require continuous thrust duration to 300 seconds. 
4.2.32 Nominal RCS flow rate range is 0.03 to 0.05 kg/sec of LCH4 and 0.09 to 0.15 kg/sec of LO2
4.2.33 Lunar orbit duration < 24 hours
4.2.34 See attachment no 1 for the government provided exploration mission profile

4.2.35 The anticipated flight accelerations during launch from Earth are < 5 g’s axial acceleration and < 1.5 g’s lateral acceleration with a full RCS tanks

4.2.36 The propulsion system thermal environment is defined in the ESAS report available at www.nasa.gov/mission_pages/exploration/news/ESAS_report.html
5 Project Management
The Contractor shall perform management functions and establish a management structure to plan, direct, and integrate all activities required by this Statement of Work (SOW) to assure compliance with technical, schedule, and financial commitments of the contract. The Contractor shall include a process for the timely disposition of issues and provide for the reporting of technical data and financial management data as required.  The Contractor shall utilize established management structures and assign a Project Manager (PM) with the authority to direct contract activities. The PM shall assure that the technical, schedule and cost requirements of this contract are fully met.

5.1 Work Plan

As part of the proposal, the Contractor shall provide a Work Plan as defined below.  The Contractor shall revise the Work Plan as deemed necessary by either the Contractor or NASA COTR during the period of contract performance.  The Work Plan shall include a Work Breakdown Structure (WBS).  The Work Plan shall be approved by the NASA COTR.
a. Introduction/Objectives

b. Background

c. Technical Approach (including analytical tools to be used, the limitations of the tools/analytical techniques, and assumptions.

d. Performance (Key Study Parameters)

e. Resource requirements (including skill mix)

f. WBS

g. Schedule

h. Security Plan

5.2 Resource Planning

The contractor shall support special requests for budget impacts.  

5.3 Reporting
The contractor shall conduct bi-weekly every other week) telecoms with NASA personnel to discuss the status of the study. An interim presentation of items 3.1.1, through 3.1.3 of section 3 will be conducted at the NASA Glenn Research Center in Cleveland, Ohio. A final presentation defined in item number 3.1.6 of section 3 will be conducted at the contractor’s site
6 Deliverables

The deliverables shall include an interim and final report in Microsoft Word format. Presentation packages shall be supplied in a PPT format. PMD conceptual design drawings shall be supplied in a TBD format. Required Reviews and Deliverables and suggested dates assuming a May 1, 2008 start are shown below 
	Task
	Milestone
	Start Date
	Finish Date
	Deliverable

	3.0
	Base Study Duration
	May 1, 2008
	December 30 2008
	

	
	Discussion of PMD candidates in MS PowerPoint format
	
	June 30, 2008
	X

	
	Interim Presentation (GRC)
	
	Aug 1 ‘08
	

	
	Interim Report (MS Word) and Revised Interim Presentation Charts (MS PPT)
	
	Aug  13 ’08
	X

	
	Final Presentation (Contractors Site)
	
	Nov 5 ‘08
	

	
	Final Report Draft (MS Word) and revised Final Presentation Charts (MS PPT)
	
	Nov 12 ‘07
	X

	
	Revised Final Report (MS Word)
	
	Dec 30 ‘07
	X


7 Period of Performance
The contract duration for the Base portion shall not exceed 8 months after award of contract. After the completion of the base portion an optional study for an additional 4 months may be requested.
8 Selection and Award Evaluation

An evaluation will be made on the following:
8.1 Technical Merit
This factor will be used to determine how thoroughly the offeror understands the needs and objectives of the technical requirements.  The Government will evaluate the offeror’s understanding and technical approach to meet the needs, technical difficulties, challenges, and objectives of the Statement of Work (SOW). The Government will consider the completeness, thoroughness, and soundness of the response to all functions and elements of the SOW.  The impact on performance schedule due to any required compliance with export control regulations will be considered.  Specifically for this study SOW: 
a. Identification of analysis tools and techniques to be used in the performance of the task.

b. Definition of PMD trade study objectives, listing of trade studies to be performed and identification of detailed products from the studies.

c. Reference to prior studies and activities in the design of human rated cryogenic propulsion systems.

d. Development of a comprehensive schedule describing the study tasks and performance periods in a Gant chart format

8.2 Key Personnel
This factor will be used to evaluate the qualifications, capabilities and experience of the key personnel (the use of resumes is encouraged) proposed by the offeror. Key personnel are those skilled, experienced, professional and technical personnel essential for successful accomplishment of the task objective. Specifically for this analysis and trade study SOW they must have the following minimum requirements:

a. Be recognized by peers in academia, industry and NASA as both a national and international expert in the field of cryogenic fluid management for low gravity applications.

b. Demonstrate capability to perform cryogenic fluid and thermal analysis and trade studies by listing previous work on existing cryogenic flight systems.

c. Have an association and working relationship with national launch system suppliers. 

d. Have personal access to an extensive source of technical documents on launch vehicles components and systems to be able to complete this task.

e. Provide reasonable evidence of availability
8.3 Past Performance
This factor will be used in assessing the offeror past performance that are similar in size, content, and complexity to the requirements of this solicitation. The Government will make an assessment of the offeror's overall performance, especially in relation to high-value spacecraft, and the Government will evaluate the offeror's past performance record for meeting technical, schedule, cost, and task management Isolated or infrequent problems that were not severe or persistent, and for which the offeror took immediate and appropriate corrective action, may not reduce the offeror's rating.  On the other hand, ratings will be reduced when problems were within the contractor's control and were significant, persistent, or frequent, or when there is a pattern of problems or a negative trend of performance. 
