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Abstract: To optimize the performance of proton exchange membrane fuel cell (PEMFC) systems and enhance
fuel utilization, a calculation model for fuel utilization based on internal resistance characteristics was established.
The effects of operating conditions—specifically, operating temperature and humidity—on internal resistance and
fuel utilization were analyzed. The relationship between the equivalent direct current (DC)total internal resistance
and fuel utilization was investigated. By taking the minimization of the equivalent DC internal resistance as the
optimization objective, operating conditions were adjusted to reduce total resistance and improve fuel utilization.
The validity and reliability of the proposed model were verified through electrochemical impedance spectroscopy
(EIS)and UI output characteristic experiments. The results indicate that temperature has a more significant impact
on fuel utilization compared to humidity. Fuel utilization increases with rising output current density. Under
optimized operating conditions—specifically,at an output voltage of 12.4 V and a hydrogen flow rate of 18.4 L/min—
the fuel utilization is improved by up to 11.13%,and the total internal resistance is reduced by 1.5 Q-cm?.
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Fig.1 Second order RC equivalent circuit model
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Fig.2 Variation law of activation internal resistance R,
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Tab.2  Calculation results of fuel utilization and internal resistance values under different operating conditions

ZH itk EH 1 EH2
Mol %o 69~90 42~85 1~43 50~84 40~79 5~39 61~85 40~78 1~40
(A% 7.5~9.5 9.5~13.5 13.5~15.6 7.5~9.5 9.5~13.5 13.5~15.6 7.5~9.5 9.5~13.5 13.5~15.6
T/K 334~343  329~334 306~329 338~345  326~338 309~326 331~343  327-~331 308~327
RH/% 70~81 52~73 40~51 55~70 45~54 40~45 74~86 62~76 40~50
R/(Q-cm?) 1.79~4.23 3.57~349 40.37~78.64  1.56~3.84 3.2~27.8  38.64~91.5 1.68~4.16 3.85~45.3 39.53~92.6
R, /(Q-cm?) 1.62~4.78  4.33~5.7 3.48~5.91 7.32~9.2  7.43~10.5 4.12~12.86  6.85~8.1 7.43~11.65 4.46~13.4
R/(Q-cm?) 1.25~5.96  0.04~1.28 0.03~0.06 1.28~6.1 0.04~1.3 0.03~0.29 2.46~79  0.04~1.8  0.03~0.31
R, /(Q-em?)  7.67~1034 7.2~40.34 43.61~83.52 8.94~13.61 9.02~41.2 39.61~101.4 7.87~15.6 9.1~43.61 42.3~98.6
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