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Analysis of Pure Oxygen PEMFC Recirculation System Using Aspen Custom
Modeler
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‘Department of Mechanical Engineering, Chungnam National University General Graduate School, 99 Daehak-ro,
Yuseong-gu, Daejeon 34134, Korea
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TCorresponding author :
sangseok@cnu.ac.kr Abstract >> Hydrogen-oxygen fuel cell has less inertia forces of reactant gases to

_ _ remove condensed product water by electrochemical reaction that results in
gzszzzd 3;?2‘&,22325 electrode flooding. It is resolved by purging with dead-end operation or higher
Accepted 23 April, 2025 stoichiometric flow rate with recirculation. In this study, the performance of pure

oxygen fuel cell system is evaluated with increasing stoichiometric flow rate by
recirculation. After the pure oxygen stack and membrane humidifier model is de-
veloped by Aspen Customer Model®, the models are implemented as library of
Aspen Plus for System Simulation®. Also, four different system layouts are
simulated. The results show that a recirculation system without humidifiers is ef-
fective in achieving comparable performance, while simplifying system.

Key words : Pure oxygen(&4tA), Proton exchange membrane fuel cell(0]-2 1 2tat
M2 MX]), Flooding(M= %4, Reciculation system(X{#a2 A|AE),
Stoichiometric ratio(ZtatZFE H])

Nomenclature P: qF#(bar).
I AR UE(Alem?).
A: HE(em?). R: GAHK/W), 71AVd=~(I/K-mol).
N: E 3 mol/s) Vi ZHKWV).
I 422 H¥-8-=Kmol/s). t: F7)(cm).
L: Zo](cm). m : AT FHgs).
D: A4 (cm?s). W: ZZ(W).
T 25K M: B9 2 9 gekgmol).
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Table 1. Geometric parameter'®2%

Device Parameter Value
: 2
1
Stack Active area ((%m ) 00
Membrane thickness (cm) 0.0025
Length (cm) 15
Membrane | Inner diameter of tube (cm) 0.09
humidifier | Membrane thickness (cm) 0.01
Number of tubes 21
Table 2. System operating condition
Device Parameter Value
Cell number 100
Stack Stack temperature (°C) 80
Average current density (A/cm®) 0.70
Initial Pressure (barg) 1.0
H,, O, Temperature (°C) 25
(from tank) | Stoichiometry ratio of H,,0, 1.1
Coolant | Pressure (bar) 1.0
(from tank) | Temperature (°C) 75
P 1.
Keel ressure (bar) 0
coolin Temperature (°C) 25
€ [Flow rate (slpm) 5.0
]vgasnu,i-%—l = ]Vgas,u,ui +Nrross,i (14)
‘N;iq,uuz”rl = ]\/Eiq,u,\z' - Cross,i (15)
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Table 3. System components operating condition
Device Parameter Value
Recirculation Efficiencies 0.54
blower Discharge pressure (barg) 1.0
Steam separator Temperature (*C) 75
P Pressure drop (bar) 0.002
Common | Efficiencies 0.54
Pump| Coolant | Discharge pressure (bar) 1.4
Keel cooling| Discharge pressure (bar) 3.0
Coolant pressure drop (bar) 0.1
Heat exch:
cat exchanger Gas outlet temperature (°C) 80
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Fig. 2. Four system layouts of pure oxygen PEMFC. (a) Humidifier-less system (case 1). (b) Humidifier for H, feed (case 2). (c) Humidifier

for O, feed (case 3). (d) Humidifiers for H,, O, feeds (case 4)
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