Request for Information – Gravity Independent Water Separator for Proton Exchange Membrane (PEM) Fuel Cell System 

PURPOSE:

THIS IS NOT A NOTICE OF SOLICITATION.  IT IS A REQUEST FOR INFORMATION (RFI).  This RFI is for internal NASA planning purposes only.  It is not to be construed as a commitment by the Government for a future procurement, nor will the Government pay for the information solicited.  Respondents will not be notified of the evaluation results from the responses to the RFI.

PHASE SEPARATOR NEED:

NASA is requesting information from industry and academia regarding a water separator to divide fuel cell product water and excess oxygen with the information and objectives stated in this RFI.  The water separator may or may not incorporate a heat exchanger as part of the water separation device.  NASA is seeking to understand the current state-of-the-art of various water separator technologies, both passive and active, and their applicability to NASA’s needs.  The goal of a potential water separator development effort is to reach a technology readiness level (TRL) 6 (prototype demonstration in a relevant environment, see Appendix A) by January 2005.  If a respondent cannot achieve a TRL 6 by January 2005, an alternative schedule and estimated TRL level should be provided.    

Background Information:

Below is a simplified schematic of a PEM fuel cell system design for a NASA reusable launch vehicle.  The reactants are pressurized gaseous hydrogen and oxygen and the by-products of the fuel cell are electricity, heat, and water.  Product water is removed from the fuel cell at the cathode by passing excess oxygen through the fuel cell, entraining the water.     
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The resulting fuel cell product water can be in a liquid state, vapor state, or a combination of liquid and vapor.  All of the liquid water and an appropriate amount of the water vapor must be separated from the oxygen gas stream for two reasons:  1) the water is planned for use as a consumable on the spacecraft; 2) the oxygen must be recirculated back to the fuel cell in order to minimize wasted reactant gas.  The schematic depicts a passive reactant recirculation system using ejectors.  Ejectors are a passive alternative to pumps or blowers in the recirculation of reactant gases back into the fuel cell.  A pressure drop through the ejector creates a vacuum-like environment that drives the unutilized reactants back into the main supply flow stream.

The ultimate goal for a water separator device is to be passive in nature, with no motors and rotating equipment, for enhanced safety and reliability reasons.  However, due to the potentially aggressive schedule that would require a TRL-6 device by January 2005, active technology will also be considered by NASA.  One benefit of an active water separator is the combination of water separation with reactant recirculation, as in the case of the alkaline fuel cell power plant for the Space Shuttle.  Respondents should provide the requested information for either passive or active options, or both if applicable.      

Objectives:

Operating Life:

The water separator device shall be designed with a goal of maintenance-free operation for at least 10,000 hours.

Physical Characteristics:

The water separator device shall be designed with weight and volume constraints in mind.  Maximum weight shall be 40 lb., and maximum volume 1 ft3.

Pressure:

The typical operating pressure of the water separator device shall be between 5 and 70 psia (which is typical for PEM fuel cells).  The goal of the water separator device is to minimize the pressure drop as much as possible.  

Temperature:

The water separator device shall be operable with working fluids between ambient temperature and 82oC (180oF).

Oxygen:

The water separator device shall be designed with materials compatibility in mind to reduce the hazards of flammability with pure oxygen at the applicable operating conditions.

Fluid Flowrates:

The water separator device shall respond to changes in fluid flow rates caused by transient fuel cell loads.  The amount of power generated by the fuel cells directly determines the amount of oxygen consumed and water produced.  Oxygen flow through the fuel cell can vary between 10% and 200% of the oxygen consumed.  

The water separator device shall be designed for a fuel cell power load of 5 kW, with brief peaks to 30 kW (≤30 seconds).  The lower limit of oxygen recirculation shall be 10% of the oxygen consumption rate and the upper limit of oxygen recirculation shall be 200% of the oxygen consumption rate.

	Power

(kW)
	Water (cc/min)
	Oxygen consumption in SLPM (lb/hr)
	Oxygen Lower Limit in SLPM (lb/hr)
	Oxygen Upper Limit in SLPM (lb/hr)

	5 @ 0.8 V/cell
	35
	23.76 (4.1)
	2.38 (0.41)
	47.5 (8.2)

	30 @ 0.6 V/cell
	280
	190.1 (32.9)
	19.0 (3.3)
	380.2 (65.8)


Scalability:

The water separator design shall be scalable to handle a range of different power ratings and potential changes in flow conditions, either through a direct change in size of the water separator device or through utilization of multiple devices of a fixed size.  The nature of these scalability characteristics for the device should be noted (e.g. “scalable to all power ratings,” “limited to 5 kW, above which requires multiple devices,” etc.).  

Environmental Requirements:

The water separator device shall be gravity independent and therefore operable under a range of gravity conditions: as high as launch conditions (3-g), and as low as microgravity conditions (0-g).  The device shall also operate in at least 2 spatial

orientations 90 degrees from each other when under 1-g (e.g. vertical launch and horizontal landing, as in the Shuttle).

Submittal Instructions:

Response to this RFI is open to all U.S. organizations or teams of organizations from industry (traditional and non-traditional), educational institutions, nonprofit organizations (includes not-for-profit organizations), and U.S. Government agencies.  Respondents having the required specialized capabilities to meet the aforementioned objectives should include the following information in their response:

· Name and address of respondent, point of contact, and any teaming arrangements, if applicable

· Conceptual design schematic(s) 

· Detailed explanation of theory that addresses the listed objectives

· Fidelity of existing hardware/concept(s) with supporting test data; assessment of NASA TRL level

· Estimated delta pressure or measurement through the water separator as a function of operating pressure

· Estimated quality of outlet liquid and gas streams from the water separator device (0.0 ( quality ( 1.0), as well as dew point temperature reduction of the oxygen gas stream through the device

· Description of associated instrumentation to provide performance verification and/or health monitoring

· Estimated schedule for the proposed key activities or phases that will lead to delivery of prototype hardware by January 2005, or an alternative

· Estimated cost for each phase or activity

Responses should be limited to 25 pages total.  All proprietary information should be marked.  Responses will be handled accordingly.  One (1) original hardcopy and two (2) electronic copies of your response to this RFI are requested.  The electronic copies shall be in Microsoft Office Suite (Word, Excel, or PowerPoint) or Adobe Acrobat (pdf) format on CD ROM.

One (1) original hardcopy and one (1) electronic copy shall be submitted no later than 4:00 PM EST on March 17, 2003, to the attention of Mark Hoberecht, NASA /Glenn Research Center, MS 309-1, 21000 Brookpark Road, Cleveland, Ohio 44135.

The second electronic copy shall be submitted no later than 4:00 PM EST on March 17, 2003, to the attention of Tim Pierce, NASA /Glenn Research Center, MS 500-319, 21000 Brookpark Road, Cleveland, Ohio 44135.

Prospective respondents with questions regarding this RFI may submit them via e-mail to Tim Pierce, no later than February 21, 2003, at Timothy.C.Pierce@nasa.gov, (216)433-2147.

THIS SYNOPSIS IS NOT TO BE CONSTRUED AS A COMMITMENT BY THE GOVERNMENT, NOR WILL THE GOVERNMENT PAY FOR THE INFORMATION SOLICITED.  All information received in response to this RFI will be combined and used for government procurement planning purposes.  This information will be reviewed and summarized by a panel of experts.  Some or no part of the summarized recommendations may or may not form the basis of a future NASA solicitation, such as a Request for Proposals (RFP).  Respondents will not be notified of the results of the review.

In the event a solicitation is issued, any information related to the solicitation will be available over the Internet.  These documents will be in Microsoft Office Suite (Word, Excel, or PowerPoint) format and will reside on a World Wide Web (WWW) server, which may be accessed using a WWW browser application.  The Internet site, or URL, for the NASA/GRC Business Opportunities home page is: http://nais.msfc.nasa.gov/cgi-bin/EPS/bizops.cgi?gr=C&pin=22.  It is the offeror's responsibility to monitor the Internet site for the release of the solicitation and amendments (if any).
