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The Jet Propulsion Laboratory is currently developing a 300 W direct methanol fuel cell (DMFC)
power source for integration into embedded test electronics which operate on armored vehicles.
Some system attributes for this novel power source include: low thermal signature, operation in a
high dust environment, attitude insensitivity of +/- 45° to vertical, “in-field” refueling, operation at
45 °C (in system water balance), and 100 hour continuous operation at the rated power of 300 W.

Figure 1. Direct Methanol Fuel Cell System Schematic

A DMFC based power source can be divided into four subsystems as shown in figure 1. The air
subsystem, fuel subsystem, thermal subsystem and electronics and control subsystem work in
unison to efficiently convert methanol to electrical power. The function of the air subsystem is to
condition the air from the environment for fuel cell use. The air subsystem also serves the function
of capturing fuel cell product water that will be recycled to maintain a system water balance. The
fuel subsystems main function in to maintain the methanol concentration in the fuel circulation loop
constant. The thermal subsystem function is to maintain a steady operating temperature. The
electronics and control subsystem incorporates logic algorithms to operate the fuel cell system.

The effect of stack operating air stoichiometry on system efficiency and mass has been discussed
[1-3]. The 300 W DMFC power source is built around a low-pressure-drop 80-cm? active area
DMEFC stack. The performance of this stack has been previously reported [3]. Recent advances in
membrane electrode assembly (MEA) fabrication techniques have allowed for higher cell
efficiencies and greater power densities to be realized. The voltage-current performance for both
state-of-art and advanced MEAs operating in a five-cell stack is shown as figure 3. The peak stack
power is 16.4 and 25.8 W for the state-of-art and advanced MEAs respectfully. At the system
operating airflow of 1.7 times stoichiometry the stack power density and efficiency are expected to
be 55 mW/cm? and 33% respectfully.
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Figure 2. Five-cell DMFC stack voltage-current performance operating at 60 °C, 0.5M methanol
and 1.72 LPM ambient pressure airflow.
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Figure 3. CAD model of the 300 W DMFC power source being developed

The development of high performance low airflow DMFC MEAs has enabled the development of
compact light weight DMFC power sources. A CAD model of the 300 W DMFC system is shown
as figure 3. The total system volume is 123 L, the current best estimate (CBE) mass is 55.6 kg.
The CBE figures of merit for this power source are 540 Whr/ kg and 243 Whrt/ L for the specific
power density and volumetric power density respectfully.
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