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Feasibility Research of Underwater Application of Fuel Cell
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Abstract: [Introduction] In order to further improve the cruising ability of underwater equipment, the high specific energy electric
energy system is the key to the problem. By comparing the impact of different fuel types on the specific energy of the system, the
feasibility of underwater application of fuel cells is explored. [Method] By comparing and analyzing the characteristics of proton
exchange membrane fuel cells and solid oxide fuel cells in different hydrogen storage and oxygen storage methods according to the index
requirements, it is determined that the cathode side could meet the design requirements by using liquid oxygen supply and the anode side
could adopt different supply methods, such as liquid hydrogen, organic liquid, methanol reforming, direct methanol and direct propane.
[Result] Depending on the characteristics of different fuel cells, the relevant parameters of the tail gas treatment device are calculated and
the feasible schemes of underwater fuel cell energy systems are comprehensively compared. The solid oxide fuel cell energy system with
liquid oxygen and liquefied propane or organic liquid, the proton exchange membrane fuel cell with liquid oxygen and organic liquid
could meet the design requirements. [Conclusion] The fuel cell energy system can significantly improve the specific energy of the energy

system, and the fuel supply form is the main factor affecting the specific energy of the electric energy system.
Key words: underwater unmanned vehicle; fuel cell; hydrogen storage; oxygen storage; tail gas treatment
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Tab. 1 Power density of fuel cell

SR PEMFC SOFC
BRI R (W (kg) '] 700 80
TRBALh R /(WL 1000 200
J s R kg 72 62.5
IR/ 5 25
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Tab. 2 Fuel demand
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Tab. 3 Parameter comparison of different fuel storage methods

TR AR REABY DT ES REHR/

iRk =X (kg'm™) o ot .
i EAi# (35 MPa) 16 3.500 3 1.873
A E.(70 MPa) 21 2.676 6 0.937
& 70.8 0.794 53 1.060
& fk4 (NaBH, ) 78 2.0586 7.4 2.1686
SIRfEE 115 0.489 12~2  2.810~4.683
AHLRIAGEE 32 1.756 3.5 1.606
FH it i e 43 1.307 42 1.3381
HAEHE 800 0.521 60 0.695
HESRALPI BT 483 0.329 50 0.317
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Tab.4 Comparison of oxygen and tail gas parameters
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Tab. 6 Parameter comparison of different oxygen storage modes of various fuels
it
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A /m’ R/t IARRYL JF kg AR /m’ Fii/t AT/’ Ji/t
Ea 2.697 2.111 680 572 1.292 1.484 0.822 1.623
PR 2.697 2.111 680 572 1.292 1.484 0.822 1.623
FH 3.749 2.934 946 795 1.792 2.063 1.142 2.256
e 3.462 2.709 873 734 1.655 1.905 1.055 2.083
xR7T BBRESHEXI
Tab. 7 Comparison of fuel system parameters
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ke 1.202 1.051 1.984 2222 1.384 2.400

W R A (= B N R A = B )4 S = R A
FUN 77 A ) i £ i — 25 AR K A S Ak, 3R T O
TR, Y RN T BE T 323 KINF, B2 A 457 50 v ) ik
L H R TR

2LiOH + 2H,0 = 2LiOH — H,0 (7)

2LiOH — H,0 + CO, = Li,CO; + 3H,0 (8)
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Tab. 8 Carbon dioxide adsorption device
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Tab. 9 Carbon dioxide adsorption device
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