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Abstract—A performance modelmg of phosphoric acid fuel cell was constructed using error back-propaga-
tion neural network with generallzed delta rule. The network was trained to produce the performance curve
acu)rdmg to cell temperatures, H, flow rates and O, flow rates. The reliability of performance prediction
was verified by comparing the experimental data of unit cell. The three layered error back-propagation net-
work learned exactly the performance curve of unit cell when the step size coefficient was 0.7 and the
momentum was 0.9. It offered reasonable prediction for various O, and H, flow rates and temperatures.
This neural network combined to commercial process simulator ASPEN PLUS as a unit for fuel cell stack.
In this process simulation, 50 kW PAFC system was selected, and the effects of operating variables on the
performance of the system were also investigated. The maximum power of fuel cell was achieved when
the reformer temperature was 600C at 1 atm, and steam-carbon ratio was 2.6. It is proper to maintain the
operating temperature of fuel cell at 190C.
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Fig. 5. The unit cell assembly for the performance test.
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Fig. 6. ASPEN PLUS block diagram of PAFC process.
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Table 1. Conditions of each block
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PRHT : MHEATX CL1: MHEATX
Cold side outlet temperature(C) 600 Hot side outlet temperature(C) 247
Cold side outlet pressure(atm) 2 Hot side outlet pressaure(atm) 1
BURNER : RSTOIC REFORMER : RGIBBS
Outlet temperature(C) s 800 Outlet temperature(T) 700
Qutlet pressure(atm) ' 1 QOutlet pressure(atm) 1
Water to methanol ratio 2.8
CO CONVERTER(High temp.) : REQUIL CO CONVERTER(Low temp.) : REQUIL
Reaction : CO+H,0 - CO,+H, Reaction : CO+H,0 — CO;+H;
Outlet temperature(C) 350 Outlet temperature() 200
Outlet pressure(atm) 1 QOutlet pressure(atm) 1
COOLER1 : HEATER COOLER2 : HEATER
Outlet temperature(C) . 165 Outlet temperature(C) 190
INVERTER : MULT STEAM GENERATOR : HEATER
Efficiency(%) 98 Saturated pressure(atm) 2
FUEL CELL STACK : USER2
Reaction : H,+1/2 O, —» H,0
Outlet temperature(C) 190
square error) 0.0017}#] ¥rE-3tgich. sh5g A1 wke 1.0 - —r : —
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Fig. 7. Training data recall for various number of layers.
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Fig. 9. Training data recalls for H; flow rates.
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Fig. 10. Estimation of performance curves for various H;
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Fig. 12. Estimation of performance curves for various O,

flow rates.
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Fig. 13. Training data recalls for operating temperatures.
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Fig. 14. Estimation of performance curves for operating
temperatures.
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Table 2. LMS errors for various momentum and training
step

Training step(n)
0.1 0.3 0.7 0.9
Momen- 0.1 3.5237E-2 1.7621E-2 2.3529E-3 1.6454E-3
tum(a) 0.3 3.5276E-2 5.5402E-3 1.6897E-3 1.4347E-3
0.7 3.6195E-2 2.4051E-3 4.9505E-4 4.3542E-4
0.9 4.2547E-3 4.5955E-4 3.4084E-4 1.6931E-1

1.0 T T T T T~ T T

o : 190 °C 20 mL/min 100 mL/min
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Fig. 15. Performance curves of simulations.
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S/C :steam/carbon ratio [-]
w  :weight [-]

X  :input signal {-]

y  :neuron output [-]

-
a :training momentum constant [-]

8 :error between desired output and calculated
output [-]

: training step constant [-]

=

S X}
i, j, k:node order
p, q, r:layer order
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