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ABSTRACT

This research aims to introduce a new hybrid power source system between
proton exchange membrane fuel cell and gasoline generator, and to find the optimal
operation technique of the hybrid system. The research involves study behavior and
performance of a hybrid power sources system, experiments on the hybrid power
source system, and determination of operation strategy for optimal performance of the
hybrid system. In order to understand behavior and performance of a hybrid system, a
mathematical model of the hybrid system with two sub-models was developed. The
first sub-model is the stack fuel cell model with maximum power 1200 kW which is
based on conservations of energy, mass, and electrochemical equation and the second
sub-model is the gasoline generator model from which a data. A dynamic model of
fuel consumption is developed based on experimental data. The fuel cell model can be
used to predict the effects of various parameters on PEM fuel cell performance. From
the simulation, following results are observed: Increasing the operating pressure of
hydrogen from 1 to 3 bars will increase the average output voltage by 0.02V.
Increasing the operating temperature from 40°C to 80°C will result in the decrease of
the average output voltage by 0.04V. Increasing the transfer coefficient which lowers
the activation losses of the fuel cell potential results in the increase of average output
voltage by 0.26V. Decreasing an exchange current density from 3x10™ to 3x10™®
A/em?, which in effect lowers the activation losses, results in the increase of average
output voltage by 0.05V. The increase of internal resistance from 0.1 to 0.2 Q/cm®
results in the decrease of average output voltage by 0.03V. Increasing the limiting
current density from 1.4 to 1.7A/cm?, which affects concentration losses of the fuel
cell potential, results in the increase of average output voltage by 0.10V. The
operating concept of the model has been studied in 3 cases. Experiment was set up to
verify the model. It composes of Nexa™ 1200 watts stack fuel cell with maximum
current at 45A and a gasoline generator with 2.7kW at maximum rate power, 3600
rpm. The tests are conducted for various load conditions. The hybrid model can
predict the behavior of the fuel cell, gasoline generator and hybrid system under



various load conditions and simulation results show good agreement with the
experiment data. In terms of power generation, the error is 6.98% for fuel cell model
and 2.51% for gasoline generator model, respectively. Based on fuel consumptions
cost, the results of fuel cell operation at 10% and 90% operation of gasoline generator
are the optimal operation condition.
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