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50 kg OXYGEN STORAGE

OXYGEN FLOW RATES 0.1 TO 100 gm/min

VOLUME CONSTRAINTS OF MARK 48 TORPEDO

HIGH DEGREE OF SAFETY

MINIMIZE HOST VEHICLE OPERATIONS

RAPID TURN AROUND TIMES

UNMANNED UNDERWATER VEHICLE (UUV) UNMANNED UNDERWATER VEHICLE (UUV) 
OXYGEN SYSTEM DESIGN REQUIREMENTSOXYGEN SYSTEM DESIGN REQUIREMENTS
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Unmanned Underwater Vehicle LOX Unmanned Underwater Vehicle LOX 
Storage and Delivery System SchematicStorage and Delivery System Schematic
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Sierra Lobo CryoSierra Lobo Cryo--Tracker™ Temperature and Tracker™ Temperature and 
Liquid Level Sensing ProbeLiquid Level Sensing Probe

Inside Cryogenic TankInside Cryogenic Tank

Cryo-Tracker Probe
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Unmanned Underwater Vehicle 50 kg Liquid Unmanned Underwater Vehicle 50 kg Liquid 
Oxygen Storage and Delivery System LayoutOxygen Storage and Delivery System Layout
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Fuel Cell and Cryogenic System Integrated Fuel Cell and Cryogenic System Integrated 
Design Tool MethodologyDesign Tool Methodology
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DESIGN PROGRAM/MODELINGDESIGN PROGRAM/MODELING
Main System Design Screen Main System Design Screen 
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DESIGN PROGRAM/MODELINGDESIGN PROGRAM/MODELING
Lox Tankage ScreenLox Tankage Screen



June 20, 2002 12

PEM Fuel Cell Polarization Curve ModelPEM Fuel Cell Polarization Curve Model

0.00

0.20

0.40

0.60

0.80

1.00

1.20

0 0.2 0.4 0.6 0.8 1 1.2 1.4

Current Density A/cm2

C
el

l V
ol

ta
ge

 (V
)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Po
w

er
 D

en
si

ty
 (W

/c
m

2 )



June 20, 2002 13

UUV LOX SYSTEM DESIGN

SYSTEM DESIGN TOOL

PRE-HAZARD ANALYSIS

BENEFITS OF LOX

CRYOGENIC FLUID MANAGEMENT OPTIONS

SUMMARY

PRESENTATION OUTLINEPRESENTATION OUTLINE



June 20, 2002 14

Unmanned Underwater Vehicle Unmanned Underwater Vehicle 
Hazard MatrixHazard Matrix
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Oxygen Storage Systems Comparisons Oxygen Storage Systems Comparisons 
(50 kg of Oxygen)(50 kg of Oxygen)

0.940.920.810.60 maxOxidizer Mass Ratio

0.475 (2.76)0.497 (3.08)2.2 (7.07)m (ft)Maximum Length

3.4 (7.6)4.1 (9.1)11.6 (25.6)kg (lbm)Mass

1306 (81.5)1142 (71.3)435 (27)kg/m3 (lbm/ft3)Fluid Density 

101.3 (15)101.3 (15)34473 (5000)KPa (psia)Pressure 

54 (-362)90 (-297)300 (80)K (F)Temperature 

AluminumAluminumCCUnitsTank Material

TP LOXNBP LOXHP GOXChemical
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Specific Energies of Different Fuel Cell TypesSpecific Energies of Different Fuel Cell Types

816LOXSOFC DECO#1 AIP-Air Option (50:50)12

1172LOXSOFC DECO#2 (AIP-Air Option (50:50)11

1013LOXSOFC DECO#3 (2x Energy)10

887LOXSOFC DECO#2 (Long-Term)9

643LOXSOFC DECO#1 (Near-Term)8

713LOXSOFC w/ Logistics7

575LOXPEM DMFC6

29460% H2O2PEM w/ Syn-Diesel5

602LOXPEM w/ Syn-Diesel4

544LOXPEM w/ Logistic3

284Chemical O2PEM w/ Logistic2

367Chemical O2PEM w/ Logistic1

Specific Energy
(Whr/kg)OxidizerFuel Cell TypeSystem No.
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UUV Propulsion System Weights UUV Propulsion System Weights 
(100kWh @ 4 kW Fuel Cell)(100kWh @ 4 kW Fuel Cell)
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Host Vehicle Cryogenic UUV Systems Support Host Vehicle Cryogenic UUV Systems Support 
Options including Oxygen and HydrogenOptions including Oxygen and Hydrogen

DIRECT OXYGEN LIQUEFACTION LIQUID OXYGEN TRANSFER

HOST VEHICLE HYDROGEN SOURCESLOX AND LH2 LIQUEFACTION

OPTION 1 OPTION 2

OPTION 3

UUV

1-stage 
Cryocooler

HV GO2

UUV

HV GO2

LOX
Dewar

UUV

1-stage 
Cryocooler

HV GO2 HV GH2

- Eliminates host vehicle dewar
- 24 hrs loading time (50 kg)
- Simplest LOX system
- Cold head on host vehicle or UUV
- Compressor on host vehicle

- Quickest loading time ~ 30 minutes
- Chilldown gases used to start fuel cell
   and prime oxygen loop
- Liquid transfer line system required

- Cryogenic storage of both oxygen
  and hydrogen 
- Accomodates a variety of hydrogen
  generation options on host vehicle
- Direct liquefaction recommended
- Eliminates host vehicle dewars
- Utilizes Sierra Lobo/NIST patent 
  pending dual cryogenic reactant 
  cryocooler currently under 
  development for NASA

- Diesel reformer allows generation 
of hydrogen using standard military 
fuel
- Dedicated electrolizer for UUV 
located on host vehicle can produce 
both hydrogen and oxygen from 
water source
- Host vehicle electrolizer used to 
generate breathing air generates 
waste hydrogen 
- Waste hydrogen can be managed 
internally to host vehicle using 
cryostorage thus eliminating noisy 
venting 

SLI
2-stage 

Cryocooler

HV GH2

Host Vehicle
Electrolizer

Dedicated
Electrolizer

Diesel 
Reformer

HV    = Host Vehicle
GO2 = Gaseous Oxygen
GH2 = Gaseous Hydrogen
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Sierra Lobo TwoSierra Lobo Two--Stage Pulse Tube Stage Pulse Tube 
CryocoolerCryocooler

Stage 1

Oxygen Liquefaction

Stage 2

Hydrogen Liquefaction
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SUCCESSFUL INTEGRATION OF CRYOGENIC SYSTEMS 
AND FUEL CELL SYSTEMS

INTEGRATED SYSTEM DESIGN TOOL DEVELOPED

PROVEN FEASIBILITY OF SAFE LOX SYSTEM FOR UUV

ADVANCED MASS GAUGING AND CRYOCOOLER 
TECHNOLOGIES ENABLE “STORABLE” CRYOGENS

SUMMARYSUMMARY
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