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ABSTRACT

The Thesis discussed the research results of external water management system
of Proton Exchange Membrane Fuel Cell (PEMFC). The study focus on experiments set
of a humidification system of fuel gas in laboratory, e.g. hydrogen and oxygen, including
nitrogen. Humidification was done by bottle humidifier that a calibrated hygrometer
probe was used. The calibration results showed that humidifier temperature has more
effect on relative humidity (RH) than increasing of flow rate within the range 50 — 500
scem.

A Single cell and a stack cell (assembled from 5 cells) were tested under
different conditions: i.e. (1) Variation of hydrogen and oxygen flow rate and temperature
of humidifier, (2) Ratio between flow rate of these two gases, Stoichiometry ratio or
supplying both gases with similar flow rate, (3) Humidification at one side of electrode,
or both sides, or none, including (4) Test for time variation of voltage with the method to

“By pass” of fuel gas from humidifier when the voltage is dropped.



Experimental results of fuel cell using “Test station” gave “Polarization curves”,
maximum power densities and voltages at determined current density. These results
were used in the consequent experiment of both single and stack cell (5 cells) to
indicate variation of voltage with time, and influence of “by pass” to reduce water
flooding problem.

Humidification at both oxygen (Cathode) and hydrogen (Anode) sides resulted
in highest cell efficiency. Increasing of humidifier temperature means increasing highest
power density. However, highest voltage was not achieved by feeding higher gas flow
rate. Moreover, feeding rate between two gases either Stoichiometry or similar rate gave
not significant differences of efficiency. The reason was that oxygen fuel is not retarded
by concentration of nitrogen as in the case of feeding air fuel.

Test of “By pass” of fuel gas from humidifier showed that to double oxygen flow
rate, when doing by pass from humidifier, could better decrease voltage drop problem
due to water flooding, than without doubling. When fuel cell operated longer or in
condition of higher cell temperature, the by pass period was reduced. Then, stack fuel
cell (5 cells) could operate at 2.34 — 2.37 voltage level for 360 min.

The author also carried out theoretical study, by calculating rate of change of
water mass in stack cell under various operating conditions. The calculation was based
on water production rate by electrochemical reactions, water balances from entrance
flow, rate of accumulation or depletion in cell, and in exit flow. The predicted results
showed that rate of water accumulation vary between 9.64 — 11.12 g/hr at current
density 80 mA/cm’.  In comparison between two cases, with- and without- oxygen

humidifying, the latter case could reduce accumulated water by 9.45%.



