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Background

• DOE and others are developing SOFCs emphasizing core 
technology, system reliability, and affordability
– Goals – Long life (40,000 hrs); Low cost (< $400/kW)

• Gains can be leveraged to address specific needs for 
mobile and DoD applications

• Key challenges
– Increased power densities

• System > 200 W/kg
– Military logistic fuels

• Sulfur, complex chemistries
– Limited life, emphasis on high performance

• 1000’s of hours versus 10,000’s of hours

DOE Stationary System
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Army

Air ForceNavy

USAF SOFC Systems for Aviation 
Applications

• Focus on smaller, sub-units (<10kW)

• Cooperative Army/USAF Activities
– Air Force UAV, Army Silent Watch

• Technical Challenges
– Compact system integration
– JP-8 utility

• Near Term Demo on UAS (FY11)
– ~26% Efficient, S-8 Fuel

• Future System Development
– 50-hr SOFC Hybrid Power System
– >35% Efficient, >200 W/kg

• Other Goals
– Autonomous System Operation
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It is hard to compete with a high-bypass 
engine…but not impossible

• High-bypass turbines are both efficient and compact

• SOFC-based APUs have many challenges to overcome

Current Engine Technology 

SFC ~ 0.6+/-0.1 at Cruise
T/W ~ 5.4+/- 0.8

Presenter
Presentation Notes
There are also other areas that we might consider to make further fuel efficiency progress.Synergistic heat exchangers: it seems we throw away a lot of waste heat while also using engine bleed to generate heat.  Perhaps there would be a way to better optimize this system.More electric airplane: NASA has suggested this as a way to reduce engine loads and remove hardware that makes the engine diameter larger.  Namely, remove the engine bleed system.Advanced Wing Aerodynamics: Given sufficient R&D, wings might be made lighter, with greater spans, higher cruise speeds, and reduced drag.Ultra Efficient APU or Fuel Cells:  It might make sense to improve its fuel efficiency or possibly replace the APU with fuel cells when that technology matures.Cambered Struts:  This is a current technology that involves custom tailoring of the strut to account for installation perturbations. It can be implemented easier when CFD codes mature.Water Mist Inter-cooler:  We talked about this earlier with the GE Sprint system.Active Flow Control:  This technology involves controlling the engine inlet airflow by mechanical or fluidic means thus enabling the inlet to be optimized for cruise conditions.Oval Inlets:  Perhaps high BPR engines could be mounted closer to the wing and allow the use higher efficiency engines on low wing airplanes.  The 737 already uses a variation on this theme.Wing Tip Devices:  Aerodynamic devices to reduce drag such as winglets, spiroids, feathers.High Eff. ECS:  The possibility exists to increase the efficiency of the ECS system thereby reducing engine bleed or possibly eliminating it altogether.We need to note that most of these technologies have not been explored in detail.  Their worth remains to be proven.
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Military APUs Have Different 
Requirements

• Similar APUs to commercial but lower cooling 
requirement reduces size

• Location is different 

• Power at altitude power from 4 @ 90 kVA Generators

• Primary functions include engine 
restart, HVAC on ground, electric 
and pneumatic power, cargo door 
operations
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Impact of Technology Improvements

• Example calculation for long-endurance SOFC power system
– Fixed wt (Fuel + Power System)

• Largest initial endurance gains derived from power density increases
– 100 W/kg  to  400-500 W/kg

• Thermal efficiency impact greater at larger power densities
– > 200 W/kg
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Key Technical Challenges

• JP-8 Operability
– Must tolerate up to 3000ppm Sulfur

– Hetero-atom content, complex 
chemistry

• Compact Packaging
– Extremely high power density 

required (>1000W/kg)

• Operational Characteristics World-wide JP-8 Sulfur Content 

Honeywell APU
~0.88 kW/kg

– High efficiency cooling/cathode air at 40kft

• Lifetimes
– MTBF > 10000 hrs under vibration, thermal shock, etc

• Other issues
– Rapid Start
– Load Following

https://commerce.honeywell.com/wcsstore/B2BDirectMyAerospaceAssetStore/images/catalog/85-129--800-x-800.jpg
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Summary

• DOE/DOD partnership is strong
• APUs are pretty good…but there may be a pony in there
• AFRL has interest in this area

– Logistic-based fuel cell system for ultra-long UAS
– Both In-house and contractual efforts supporting development of high 

power density, logistic-fuel tolerant systems

• Key challenges exist which must be overcome 

Thanks!
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