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4225 W—hr/kg\

11,400 W-hr/L
[

Fuel

Oxidizer

Energy

Closed 12.5

Specific Energy

Energy Density
MJ/m’ (HP-HR/FT?

Al LiClO,4 (2.12) 31758 (335)
Mg F, Closed 18.1 (3.06) 28724 (303)
Li F, Closed 23.7 (4.00) 23984 (253)
Mg CIF; Closed 13.1 (2.22) 23510 (248)
Mg 0O, Closed 14.9 (2.52) 21520 (227)
Li CIF; Closed 17.4 (2.94) 20382 (215)
Li LiClO4 Closed 16.9 (2.86) 18486 (195)
Al 0O, Closed 16.5 (2.78) 18107 (191)
Li FC10O; Closed 17.7 (2.99) 15737 (166)
Mg SFe Closed 10.3 (1.74) 15452 (163)
B 0O, Closed 17.4 (2.94) 14694 (155)
Closed (2.48) 14030 (148)
II
Semi-Closed 6. 8 (1. 15) 13082  (138)
Li CF, Closed 12.7 (2.15) 11850 (125)
Li Cl, Closed 9.6 (1.63) 11471 (121)
B,Hg 0O, Semi-Closed | | 18.0 (3.05) 10144 (107)
Otto II Open 2.5 (0.43) 3223 (34)

0, = 680 atm GOX
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1 MJ/kg =278 W-hr/kg

1 MJ/m? =0.28 W-hr/L
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%ARL Physical Understanding

» Al evaporates from droplet surface

» Oxidizer diffuses through boundary layer of gaseous products to
react with Al vapor

| |
/ I Convected
/ l\‘D Condensed
\ " Oxide

Thin Flame

Liquid
Aluminum

Condensed
Oxide

Dissociated
Oxide
H,O Vapor + H,

* 10-20 % of oxide condenses on particle ( the amount can be
predicted by 1st law energy balance )

 Final oxide particle ~ 40 % initial Al diameter
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Predicted cycle efficiencies for the proposed Al-seawater AUV energy system at
different turbine inlet temperatures and pressures
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Aluminum .,, Water
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Aluminum Vortex Combustor
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Pilot-Scale Combustor Operation with
Diluent Water
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Hardware elements of
combustor

Cross-section of combustor

N
_ \ Y ;

Lessons learned from previous vortex combustor
experience used to develop long endurance vortex
combustor design.
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Conceptual Sketch of Long Endurance Vortex Combustor
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@ARL Long Endurance Combustor Concept
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@ARL Vortex-Combustor Modeling
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Turbine Blade Comparison
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Summary

« This paper describes a hypothetical seawater-breathing AUV
energy system based on the reaction of powdered aluminum.

* The reaction of aluminum with seawater offers improvement in
energy density that could revolutionize the ability for long
duration operation underwater.

« Although the system is hypothetical, the critical components are
currently undergoing active engineering research and
development.

« The level of technical maturity of the critical components
suggest that the development of a next-generation aluminum-
seawater combustion system for AUV applications is feasible.
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