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Abstract:
	Fuel Cells are a new and upcoming area that is being turned to in an attempt to deal with the energy crisis.  Car manufacturers are doing extensive research to come out with a commercially viable hydrogen fuel cell car.  Honda just recently announced their FCX Clarity model, which is the first retail fuel cell vehicle.  However, with technology these days always becoming smaller and lighter, the Department of Defense was looking for a new way to power all of a soldiers power needs and have it weigh under four kilograms, in their Wearable Power Prize competition.  The Clarkson University team decided to use a Proton Exchange Membrane (PEM) fuel cell as the basis for the power pack.  PEM fuel cells run off of a hydrogen fuel source, and the platinum in the membrane on the anode side splits the hydrogen into a proton and an electron.  The Nafion membrane only allows protons to diffuse across it, so the electron is collected on a current collector and travels through an external circuit into the cathode side of the fuel cell.  There it reacts with the oxygen and the proton that diffused across the membrane to form water.  Most commercial fuel cells use a carbon graphite bi polar plate design, which adds a good amount of weight to the fuel cell, in the end making it too heavy for the use in the competition.   So for this competition there was a need to develop a lighter fuel cell that has the same power output as the commercial fuel cells. 

Summary:
	Instead of using the graphite plate design as in most commercial membranes, a copper screen is used instead.  The copper screen is placed into contact with the membrane and acts as the current collector.  A stereo lithography machine was used to create plastic plates in order to hold the copper screens in place on the membrane and provide gas channels for proper gas flow into the cells.  Then silicone gaskets were created in order for the fuel cell to become air tight.  I started doing research on the second generation of the planar fuel cell which utilized two cells in series and was already constructed.  When it was hooked up to the testing station, it produced 0.8 Volts as open circuit potential; however, no current could be drawn from it.  It was taken apart and examined and decided that there was not good contact between the copper screen and the membrane.  To fix this, an additional layer of copper screen was added to make it thicker and make sure contact was made.  When tested, the two cells were able to output 0.5 Volts at 17 Amps.  However, based on data collected from commercial fuel cells, one cell should be able to produce around 0.5 Volts at 30 Amps.  So this fuel cell was still not optimized and the membranes had been epoxied in place so they could not be reused.

	A new stereo lithography design was created in order to assure good contact between the copper screens and the membrane.  A new support structure was designed for the copper screens to keep them from bowing out away from the membrane as observed in the first generation of the fuel cell.  This new structure gave even support across the whole screen and a sinusoidal flexing of the membrane when juxtaposed to the support structure on the opposite side of the membrane.  Thus guaranteeing the membrane is in good contact with the copper screens.  However, when hooked up and tested with only one cell, it only produced 0.4 Volts at 8 Amps.  Because the cell was not dead headed for the hydrogen side as planned for the final model in order to make full use of the hydrogen produced, it was decided that the hydrogen was taking the path of least resistance and flowing out of the fuel cell instead of diffusing to the active catalyst sites on the membrane. 

	This idea was supported when going back and examining the commercial fuel cells that use a serpentine air pathway design in their graphite blocks.  This design creates a back pressure which drives hydrogen flow through the gas diffusion layer along the catalyst coated membrane.  This causes increased hydrogen contact with the platinum increasing the reaction rate.   To test this idea, the fuel cell was stuffed full of Teflon fiber which was produced by running a lathe down a Teflon cylinder.  The idea was that the Teflon would disturb the gas flow enough to cause more hydrogen to diffuse through the diffusion layer and contact the catalyst and since Teflon is not conductive it will not draw power away from the copper screen.  When hooked up and tested, one cell produced 0.4 Volts at 15 Amps.  This almost doubled the performance of the cell.  So now research is being focused on creating a flow field for the hydrogen that causes more gas to enter the gas diffusion layer and enhance power generation.  Ideas for further modification include a series of baffles in the gas chamber that disrupt flow and direct it towards the membrane as well as to try to replicate the serpentine pathway effect in the graphite block models.
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