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ABSTRACT

The fuel cell based auxiliary power unit (APU) is promising for power source of armed vehicles due to its
silence and high efficiency. Especially, the on board hydrogen generation and fed to fuel cell system was core
technology of this power system. In this study, we analyzed the performance of the Auto thermal reactor (ATR)
that produce the hydrogen from the fuel, integrated High temperature polymer electrolyte fuel cell (HT-PEFC) by
Aspen plus software. The fuel was designed as a n-dodecane for analysis of military fuel (JP-8).
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Gyt +12H,0—12C0+(26/2+12) H, (endothermic)
Gy Hys +12/20, ~12C0O+ 26 H, (exothermic)
CO+ H,0- CO, + H, (exothermic)
CO+3H,~ CH, + H,0O (exothermic)
WGS (Water Gas shift)

CO+ H,0— CO,+ H, (exothermic)
HT-PEFC
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Fig. 2. Schematic design of HT-PEFC based APU system
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Table 1. Simulation parameters for HT-PEFC based

APU system

Parameter Value Unit
Fuel n-Dodecane | Ci2Has
Fuel cell power 5 kW
Number of Cells 70
Active area of each cell 320.13 em’
H, utilization in the stack 83 %
HO ratio in ATR 1.90
O,C ratio in ATR 0.47
it;;m temp. at the inlet of 420 C
i{;:flign;ate temp. at the inlet 300 ©
S}t{ecelllr:n;rrnp. after CAB heat 160 e
Cathode air ratio 2
o sk soolng. | 10| T
Air ratio in the CAB 1.05
ifggjgaﬁ?ﬁggw/ 70/40/40/40/40 | bar
Condensation temperature 45 T
Ambient air temperature 25 T
Ambient air relative humidity 60 %
Isentropic efficiency of 60
Compressors
Mechanical efficiency of 98
compressors
Efficiency of pumps 75
Pressure of pump 60/40/40/2 | bar
(Fuel/ATR/WGS/Oil)
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Table 2. Simulation results for stream in each stage of HT-PEFC APU system
Mole Fraction ATR IN ATR OUT HTS OUT LTS OUT ANODE IN ANODE OUT
CO, 0.1059 0.1333 0.1474 0.1474 0.1972
CcO 0.067 0.0396 0.0066 0.0066 0.0088
Ha 0.2826 0.3101 0.3047 0.3047 0.0693
CH,4 0.0027 0.0027 0.0024 0.0024 0.0032
H,O 0.2285 0.2009 0.2602 0.2602 0.3482
(0} 5.5299E-23 0 0 0 0
N 0.3096 0.3096 0.2756 0.2755 0.3698
AR 0.0037 0.0037 0.0033 0.0033 0.0044
CiaHae 1
Total Flow(kg/hr) 1.75 14.31 14.31 15.90 15.90 15.49
Temperature( C) 26.24 469.02 498.68 332.97 160 160
Pressure(bar) 60 1.25 1.23 1.23 1.14 1.14

LA H A D Flowrate of Hy>< 1000 < 2 < 96485
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Table 3. Simulation results for performance of
HT-PEFC based APU system

Cooling oil demand 1497.94 kg/hr
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Table 4. Simulation results for internal power consumption of HT-PEFC based APU system

Power demand for Components (W)
Internal
Cathode _ . . power Net Power
PUMDS air Anode air | Compresser | Blower to | Blower to | Air cooling| demand (W)
P condenser | to ATR stack CAB fan (W)
condenser
65.58 29.76 33.56 89.88 99.37 11.55 27.46 361.61 4638.37
o] A& YWRAHALRE 36161 W 0|01, 1 4. 8=
BAHARE 493 Net Powers 463837 W o]t}
A2l LE=FA|E 93 Cooling oil 1497.94 kg/hr7} B Aqto| M= AR ol A 7Fesh a2l
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