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1. M2

Abstract >> Physics-based, reduced-order fuel cell system models are developed
to optimize net efficiency through energy-conservation-based heating-value
prediction. The stack model predicts cell voltage, gross power, and outlet water
state, while the auxiliary models calculate parasitic power. The heating value is
determined from an energy conservation analysis. The numerical models are va-
lidated against published experimental data and show good agreement, with rel-
ative errors of 1.9% and 4.7% for the estimated stack and system power,
respectively. Results show that the proposed lower heating value (LHV) strategy
maintains saturated outlet gas without liquid-water formation. In contrast, the
baseline strategy with fixed inlet humidity induces liquid-water formation above
0.6 A/cm? and increases both the heating-value input and cooling demand.
Therefore, the proposed strategy achieves higher net system efficiency in the
high-current-density region. Furthermore, a quasi-steady analysis using a repre-
sentative vehicular load profile predicts a maximum net efficiency improvement
of 9.3%. These results provide a physical basis for energy-efficient LHV oper-
ation of vehicular fuel cell systems.

Key words : Fuel cell system(°4_§111| A|AHD, Lower heating value(X | && 2},
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Fig. 1. Fuel cell system piping and instrumentation diagram for vehicular application
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Table 1. Reference parameters of fuel cell system modeling

Parameter Value Unit
Fuel cell number 3709 -
Fuel cell active area 2379 cm?
Coolant channel inlet temperature 338 K
Coolant temperature difference 10 K
Anode stoichiometry ratio 1.5 -
Cathode stoichiometry ratio 2.0 -
Compressor rotational speed 100,000 rpm
Coolant pump efficiency 0.55% -
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Fig. 2. Research flow chart from fuel cell stack reduced-order-model to fuel cell system integration
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