Compact Ejector-Based
PEMFC System Development
DEI\/I24 6

Co-Authors:

A. Vasquez (NASA JSC)

B. Wynne (TESI) M. Miller (TESI)

B. Sievers (TESI) A. Ryan (NASA JSC)

Presenter: Jason Fodstad (TESI)

Fuel Cell Seminar, November 1, 2011

TELEDYNE
ENERGY SYSTEMS, INC.

A Teledyne Technologies Company

n

Cleared for Public Release by the NASA Community & Media Relations Office (101411)



"\‘EEIEEgQESTEMS, INC. Bac kg round

A Teledyne Technologies Company

* EDR (Ejector Driven Reactants) systems have begun to
emerge for several applications

« Space - reliability and efficiency are priority
e Automotive - compact size is important

« Undersea/Aerial vehicles - size, efficiency and
reliability are critical

 Power levels range from 500 W to 100 kW
« EDR is at a relatively high TRL
« Several technology and system demonstrations

 Most mature and highest reliability PEM FC system
option at this time
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Energy Storage

* Fuel cell stack and
BOP “overhead” in
volume-restricted
systems

e Reducing this
volume allows for
more energy
storage

e EDR systems
reduce “overhead”
relative to pumps
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Technology Direction

Active System

Active Systems

» Early systems
demonstrated for NASA
up to TRL 5/6

» Automotive systems,
with substantial R&D
investments to improve
reliability

* Issues tend to be on
component reliability

Passive Systems

> Passive System

Non Flow Through Systems

» Ejectors, with no oving  Low TRL
parts (no pumps) reduce e Short stacks
parasitic losses and demonstrated

* Some development
underway (mostly SBIR
funding)

increase reliability
First ejector system & 0
demonstrated in 2006 =
Most mature FC * Full stacks and system
approach and will be design concepts are next
used for 2012 demo’s step
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* Ejectors are small and take up much
less space and power than pumps

2006 Breadboarded system used
pulsed ejectors

* NASA-JSC developed an integrated
passive ejector regulator

* Ejectors can be integrated into FC
stack plates
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Integrated Ejector Regulator

Dome Pressure Set Point

10-32 female threaded O-ring port for Beswick

precision orifice fitting

Mixer Section Insert

Total Flow Outlet Po /

This must be fluid-tight.

Suction/Circulation Flow Inlet Por:
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Suction/Circulation Flow Inlet Po/

777 /
/////////////7/
/////////

F
il

This must be fluid-tight, such as might be provided
by an O-ring sliding seal.

System Pressure Measurement Port

.. Ejector Supply Pressure Measurement Port

-

Supply Pressure Measurement |

<— Supply/Consumption Flow Inlet Po

Suggested port routing for measurement
port passages
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TESI provided an early test of ejector
driven reactant (EDR) system in 2006

NASA-JSC developed an EDR design
with integrated regulator assembly that
has the ability to provide passive and
stable pressure regulation and reactant
feed as well as good turn-down

NASA demonstrated a complete
5 KW system for rover field test
—summer 2010

NASA and TESI working on
two system tests in 2012

 Upgrade the 2010 system to 10 kW
 Refurbish the 2006 EDR (1 — 2 kW)
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 5kW FC for Lunar Electric Rover (LER) at Desert
Research And Technology Studies (DRATS)

27 75
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Four Hour Test Run
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Mobile Test on LER
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DRATS Lessons Learned

* Fuel Cell Stack operated successfully with
ejector/regulators used for:
— Reactant humidification
— System pressure regulation
— Product water removal

 Mobile Fuel Cell system operated successfully with
Integrated metal hydride hydrogen/coolant (thermal)
system
e Improvements / suggestions for future fuel cell efforts:
— Improve water separation sub-system to prevent FC flooding
— Provide reactant circulation loop delta-pressure measurements

— Provide visual indications on the fuel cell power system
indicating system operational status
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Integrated System

A complete ejector system
test was refitted into an existing
chassis designed for a larger power
system

— Convenient test bed

— Used pulsed ejectors for power as
low as 400 W

 Breadboard had 3 major components
— Can be designed to be integrated
— Forms compact stack and BOP
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BOP/Stack Integration

« Reduces the footprint, total mass and Reactant/Coolant Inlets

volume of the FC system Ejector Plate

» Provides a secure, structurally robust Water Sep. Option
platform for mounting the system
components

» Level of integration is flexible
» Water separator can be on or off the stack
* Ejectors and Regulators can be distributed

* Design can be weight optimized if needed

x Flow Control
Plate
Sensors and

Valves
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Conclusions, Future Work

* Ejector based systems have been demonstrated by
TESI and NASA in a number of system configurations

 EDR considered to be the leading option for near term
PEMFC applications

e Compact systems should be demonstrated
— Numerous volume-restricted applications will benefit

* Ejector systems should be optimized
— Size and power range
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