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Objective:

ïExamine Feasibility of Existing Power/Energy 

Systems to Meet UUV Requirements

ïDescribe Desirable System Features

Conclusions:

ïCurrent obvious energy sources donôt satisfy 

Navy UUV requirements.  

ïNew Storage/Conversion systems and 

concepts are needed.

Outline:

ïMission Definition and System Requirements

ïOptions Considered 

ïPerformance Comparisons

TODAYôS DISSCUSION
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2004 UUV MASTER PLAN

Sea Power 21 Sub-Pillar Capabilities

1. Intelligence, Surveillance, Reconnaissance

2. Mine Countermeasures

3. Anti-Submarine Warfare 

4. Inspection / Identification

5. Oceanography

6. Communication / Navigation Network Node

7. Payload Delivery

8. Information Operations

9. Time Critical Strike

www.navy.mil/navydata/technology/uuvmp.pdf
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Case 1: ~80 kWh, 

130 liters, 615 Wh/L

Case 2: ~1800 kWh, 

2000 liters, 900 Wh/L

MISSION PROFILE EXAMPLES

ÅTotal Mission Energy

ÅAverage, Peak, Hotel Power
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ÅSafety

ÅAir Independent

ÅReliable

ÅRapid Start-Up, Shut-Down, Load Follow

ÅNeutrally Buoyant 

ÅLow/No Observables (noise, discharges)

ÅEasy/Rapid/Safe Refueling

ÅNo Hull Penetrations

ÅOrientation (operation & storage)

DESIRED POWER/ENERGY

SYSTEM FEATURES
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ÅCost Effective (Acquisition and Recurring)

ÅHibernation Capability

ÅLong Shelf Life

ÅEfficient Over a Wide Power Range; Hybrid?

ÅScalable (Power Plant, Fuel, Oxidant)

DESIRED POWER/ENERGY

SYSTEM FEATURES, continued
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BATTERIES CANNOT MEET

FUTURE ENERGY GOALS

Range of Interest
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ENERGY CONVERSION TECHNOLOGIES

ÅFUEL CELLS

ÅHEAT ENGINES ÅTHERMOELECTRICS

GENERAL MOTORS 93 kW PEM  DELPHI 3 kW SOFC

ÅHYBRID SYSTEMSÅSEMI CELLS

Fuel cell stack

Equinox Gen 5
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ÅHydrogen

Gaseous, 5 kpsi and 10+kpsi

Liquid (1 Atm, 20 K)

Supercritical

ÅReversible Metal Hydrides

ÅChemical Hydrides

Dry Hydrides (thermally or water activated)

Slurry/Dissolved Hydrides

ÅReformed Hydrocarbons

Methanol

JP8/Kerosene

Butane/Propane

ÅAmmonia

FUEL OPTIONS



ENERGY CONTENT OF VARIOUS FUELS

Lower Heating Values (LHVs)
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OXYGEN STORAGE
effective O2 density, g/cm3 of system
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ÅMultiple fuel/oxidant systems considered

ÅEach is ~5,000 liters total volume

ÅAll neutrally buoyant

ÅNot rigorous designs but approximate

SYSTEM STUDIES




